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INTEODUOTIOl^. ^'^ 



r I 1HIS First Book of Geology is intended to give the 
""^ beginner in the study of that science some general 
ideas concerning the action of those forces that have 
shaped the earth. Only a very small part of the more 
important facts that constitute the store of the geologist 
is given within its pages. The effort of the writer has 
been to select from that ample store such topicsr fjiS will 
give the student an idea of the^wr;rr'l(l asfa gi*eat workshop, 
where the geological forces are cdtfsfjint^'^V)rkiq? to\/ards 

definite ends. ^ ,, . 

- -/"/' •• * '\ '^''^ 

The greatest and most easily ^eeii. of tliese agents is 
water, therefore the book begins with a study of water in 
its most simple mode of action. Next, the action of heat, 
in its various ways of working, should command the stu- 
dent's attention. Finally, the animal and vegetable life 
of the earth, whose forces come mainly from the action 
of heat, receive some attention. 

It will be well for the student to have a general idea of 
the solar system, for all this machinery of the earth's 
workshop depends in a large mea&wie o\\ ^^ n^ vj \w ^\sss^ 



IV INTRODUCTION. 

the Run acte on the earth. The sun is related to the 
earth as the boiler to the steam engine, and it is well 
to know something of its nature, and of the motions of 
the earth about it, before looking at its effects. Although 
this prolimiuary knowUnlge is desirable, it is not indispen- 
sable, for the text exphiins itself. 

However euretully a text-book may be prepared, and 
hi>wever well it may be useiU it eainiot of itself alone give 
mueh insight into nature. . Tliis must come from the use 
i>f the stuilent's eyes and mind. The most the student 
can expect fi\>m the boi>k is an idea of what is to be seen 
in tht^ outer world, lie will not really know much of this 
world u»tfil Ive'-hasil^arued to ivad the facts himself. The 
ival use of the l)6ok to the beginner is to show those 
things that cannot be^ readily seen, and to set forth the 
lUituiv of the tov'^eo that act in proi>elling the earth's 
machine rv. 

It will Ik* noticed that some of the most important 
points in the mechanism of the earth are repeatedly re- 
ferred to in successive chaptei^s. This has been done with 
a view to tixing the memory of the nu>st important truths 
by looking at them from many sides. Every one who has 
taught geology must have seen the imjx^rtance of con- 
sidering each important fact from many points of view. 

hx using this book, the student should> under each chap- 



r, seek to find if there ai-e not some facts in hia neigh- 
borhood that have a bearing on the matter given in the 
text. Some of the chapters give an account of matters 
which are found only in a few pai'ta of the earth. Rarely 
will a student find himself in a position to see with his 
own eyes the structure or action of volcanoes, or the way 
in which caverns are formed, but there will always he 
some part of the book where he can help his understand- 
ing of the matter with his own eyes. 

I^et me also urge upon the studeuts who use this little 
first book that they help themselves to a more pleasant 
relation with their world by malting collections of min- 
erals, fossils, plants, and other objects that will tell them 
something of nature. Not only is there to most young 
people a peculiar charm in owning a collection of ttiis 
sort, but, if the owner will learn all he can about eacK' 
object in hia collection, he will soon come to have a valu- 
able fund of precise and well-i-emembered information that 
will stay by him all his life ; while the things that have 
had notliing but words to fix them on the memory will 
soon fade away, 

But, above all, I beg each reader and student o£ this 
book to remember that this earth is full of lessons that 
can be read by every one who wishes to know them, — 
f tiiat wili widen the mind and. inalte ^^ ^ci^ 
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fit for the duties and pleasures of life. The inattentive 

eye never gets this teaching ; 'but, to those who learn to 

look rightly on this world, it gives without stint from its 

great store of truth. 

The woodcuts in this book were drawn on wood by 

Mr. Charles E, Robinson. They are mostly original, but 

I am indebted to the works of Professor J. D. Dana, 

Joseph Leidy, and H. A. Nicholson, and to the Seaside 

StudieH in Natural History of Mrs. E. C. Agassiz, and 

Alexander Agassiz, for cert4un iigures. 

N. S. SHALER. 

CxMURiD<}E» Mass., Joii. 1. 1884. 



QUESTIONS FOR THE USE OF STUDENTS. 



f Bhould be noticed that sometimes these questions are 
designed to direct the student to his personal experiences 
as well as to the statements of the l)Oi:ik. A few questions 
are enclosed in brackets. These may be omitted, as they 
are a little outside oi" the text. 

^^^F Ijeason I. Page 1. 

1. What variety do we notice in river pebUes? 2. What is the 
history of thtse river pebbles ? 3. In what way do they journey down 
stream? 4. Compare the makiug of boys' marbles with the making 
of pebbles. 5. How does frost help in the work? G. liow cau thb 
be shown by means of a bomb shell ? 



CHAPTER I. 



Lesson II. Pagre 5. 

1. What is a bench ? 2. How does the sea-beach wear its pebbles ? 
8. What is formed of the ground-up pebbles? i. is the same grinding 
up earrieil on in a river? 5, How do the two procossos differ? 
6. Wlicrealjouts on the beach are the pebbles the largest? 7. How 
does the sea beghi the process of pebble making ? 

LeBSon III. Page 8. 

1. What is a, glacier? '2. How do its pebbles differ from those 

made in rivers and on beaches? 3. What are moraines? 4. How are 

glacial pebbles made? o. Finding these pebbles where uo glaciers 

now exist, what do they teach us? 8. Where are ghicuil ^liblea 

^au^tt Sorth America? 7. If you live in ttui "gaaA. qV^wi^ K^ki- 
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ica where glaciers have been, you will find gravel heaps on the hill- 
sides and tops, and the newly uncovered bed rocks will be scratched 
or smoothed. Is this the case in the region where you live ? 

Lesson IV. Page 12. 

1. How do sand grains differ from pebbles? 2. Describe the ap- 
pearance of sand. 3. What do we obtain if we melt sand ? 4. When 
and how is sand made ? 5. How does sand help the streams to wear 
the rocks ? 6. How does the sandblast act in carving glass ? 

Lesson V. Page 15. 

1. Where do we see the action of sand the best ? 2. Why do not 
the waves wear sand beaches very much? 3. Under what circum- 
stances does the sand get ground up on the beach ? 4. How does the 
sand escape from the waves into the air? 5. What are dunes? 
C. Why are they more common in Europe than in America? 7. Where 
are they very large ? 8. What is the effect of making a hole in the 
dunes? 9. How does the sand travel out to sea? 10. Where is the 
most sand made? 11. Why are there dunes on the Sahara? 12. Is 
sand formed beneath glaciers? 13. What is the eft'ect of blown sand 
on the rocks it passes over ? 

Lesson VI. Peige 20. 

h Of what is mud composed ? 2. How is it made ? 3. How does 
it change in nature as we go down stream ? 4. Is it formed on sea- 
shores? 5. How is mud made in soils? G. What is the action of 
earthworms ? 7. Of plant roots ? 8. Describe the several actions that 
make mud. 

Lesson VII. Page 24. 

1. On what does all the life of the land depend? 2. Describe a 
soil. 3. Have you ever noticed how a soil is made? 4. From what 
things are soils made ? 5. How do soils form on bare rock ? G. On 
what does the richness of a soil depend ? 7. Describe the action of 
tillage on soils. 8. How are soilg formed along rivers? 9. How do 
glacial soils differ from others ? 10. Why do we owe a duty by soils ? 
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CHAPTER IL 

Lesson I. Pa^e 30. 

1. When pebbles are connected together, whal is the rock called ? 

a. Wliat is the niilistono grit? 3. How are the stooes liouinl together? 

4. How are great quantities of pebbles brought tc^ethcr? 5. What 
do we learn from the process of makiug brick? 6. How can the 
rocks be made very hot? 7. What changes of shape sometimes occur 
in the pebbles of pudding-stoues ? 8. Why do 5ii'iill pebblea last a 
long time? 

IjesBOD II. Page 34. 
1. Of what are sandsUines made? 2. Describe the bedding of 
Baadsfcoiies. 3. How is cross-beddiug made? i. Why are sandstones 
found over so large a part of the world ? 

Lesson III. Pa^e 33. 

1. Why are the clay or mud stoues found over a wider field than 
the other rocks? 2. How do volcanoes help the making of mud on 
the sea-floor? 3. What is pumice? i. AVhy can it float very far? 

5. What 18 the difference in the rate of makmg of claystones and sand- 
atones? [f!. Does this teach ua any important fact?] 

Lesson IV. Page 38. 
1. How do limestones differ from rucks previously descnbod? 
2, How are they formed? 3. What are coral reefs? 4. Where do^ 
coral reefs abound? S. Account for their shapes. 6. Why is a mo- 
tion of the water necessary? 7. Are coral reefs the most powerful 
nukersof limestone? 8. IVhat canyousayof foraminifera? 0. What 
changes have been brought o1>out in certain limestones by the action 
of heat? 10. What effect have these changes on the animal remains 
buried in the limestone? II. How is lime supplied to the sea to re- 
place that which is constantly being taken from it by animals? 
12. How do limestone.^ affect noils 1 13. Describe the course of matter 
itom land to sea and from sea back to land. [14. ^That is the force 
that brings about this movement?] 

Lesson V. ^age 46. 
.■wbait does coal consist? 'J. Kume the prittci\ial varieties ol 
8. How do plants obtua^aj 




X QUESTIONS FOR THE USE OF STUDENTS. 

wliftii loavoM, })ranclicA, or trunks of trees fall to the ground ? 6. How, 
Jn fiomn (!a««H, in tlio wood preserved from complete decay? 6. Com- 
|»arfj tho procesH of decay in a wet and in a dry forest. 7. AVhat is 
pr»at? H. How can peat bogs be converted into coal? 9. How has 
cotil )f(^m artifi(jially made ? 10. How can anthracite coal be produced 
from bituminous coal ? 11. What do we see on the coal field near 
Hichifimidy Va. ? 12. What was the climate during the carboniferous 
period? 13. Wlionoo comes the heat that we find in coal? 14. How 
long haft coal been in iise? 15. Where are the largest coal fields? 
10. IIow \h petroleum formed? 17. AVhere has it long been gathered? 
IH. Wh<ir« is the greatest amount found? 19. What other form of 
burnable matti*r is found in the earth? [20. How does coal affect the 
prosperity of nations ?] 

CIIArXER in. 

Lesson I. Page 56. 

1. (/onipare air and ocean. 2. What is the principal gas of the 
atmr>Hplir?re? 3, Of what sort of bits is the air believed to be com- 
|K>Hod? 4. IIow do we know that the air can easily move? 5. How 
do we know that it (;au take up particles of water? 6. How do we 
know that cold mukcis it lieavier? 7. What is the effect of the sun on 
the air at the equator ? 8. What is the effect of the lands on the 
winds? 0. What would l)o the behavior of winds if the earth were 
all land or all water? 10. Describe currents of water through air to 
lands, thence back to seas. 11. What is one important effect? 
12. How docs the air act as a blanket ? 13. In what other way does 
air help life ? [14. IIow do we know that the spaces of the heavens 
are very cold?] 

Lesson II. Page 62. 

1. Compare atmosphere and oceans. 2. Describe work of water 
dependent on its dissolving power. 3. How does water work as a 
nieans of carriage of matter ? 4. How does it caiTy heat ? 5. What 
would be the effect if the Gulf Stream ceased to move ? 

Lesson III. Page 66, 

1. What are veins? 2. How are the crevices formed? 3. How are 

they filled? 4. What valuable substances are found in them ? 5. De- 

aoribe some like deposits not in yein cxeyioQa. 6. Describe the way in 
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which metala from veins nmy pafia to the aea. 7, How may the 
metal then be fised to the inuil ? S. Tii what other way iiiny fractures 
in the rock be filled? 9. How Jo liykes differ from lava streams? 
[10. How does the possession of metals oiFect man ?] 

Lesson IV, Page 74. 

1. Describe tJie two ways in which rain water goes away from the 
point where it fell. 2. Describe springs. 3. What may be said of 
the underground course of strong springs ? 4. What rocks most 
favor the making of large springH? 5. What are caverns? 0. Where 
are the largest found? 7. What is the nature of the surface of a 
country beneath which caverns are found? 8. WJiat are sink-holes, 
galleries, and domes? 0. How are the domna formed? 10. IIow do 
staJactitea f orm ? 11. IIow do they close the gallfiry? 12. What are 
natural bridges? 13. What is there remarkable about the animals of 
ca,ves? 14. What are the movements of air into and out of the 
cavern due to? 15. How are the reinaitia of animals \ 
cavps! 16. What other soria of eaves o<;(nir, and how > 
formed? IT. What is a "Bpoutinc horn"? 






CHAPTER TV. I 

Leesou I. Page 88. 
part of the earth Ls ki.owii to us liy siglit? 2. ^Vhat is i 



. What gas is most plentiful in volcanic eruptioi 
, Where are volcanoes found? 5. How do volcanoes originate? 
0. What volcanoes are best known to us? 7. Describe the eruption of 
Vesuvius in 79. 8. Wliat cities were buried? 9. Where is Strom- 
boli? 10. Describe the flow of a lava stream, 11. What lava streams 
do we find in California? 12. What part do volcanoes take in the 
world's machinery? 

Lesson II. Page 98. 
1. What are the two forms of the earth's life? 2. Whence come 
almost all its motions? 3. What would be the effect of cutting off 
the heat of the sun? 4. In what way does the sun's force oi 
5. What part comes from the fixed stars? G. What part of the earth 
e^TBB the most of the sun's heat? 7. Wha.t -would, k&^^'o. 
\i stayed wbevo it fell 7 8. What is ttie e8ftc\. oV ^ 
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of heat? 9. How does water cany heat away from the equator? 
10. What does a paper balloon show us? 11. How can we compare 
the circulation of the atmosphere with the movement of the air about 
a heated stove? 12. How would the winds move if the earth stood 
still on its axis? 13. Why do the winds tend to the west in going 
south and to the east in going north? 14. How can this be illus- 
trated? 15. How do the trade winds produce the ocean currents? 
16. In what courses do these currents of the sea move? 17. How do 
the waters return to the equator? 18. How do the shapes of the 
lands influence the sea currents? 19. What would be the effect of 
lowering Alaska and the Aleutian Islands beneath the sea? 20. What 
are the other causes of changes in the climate? [21. What do you 
understand by climate ?] 

CHAPTER V. 

Lesson I. Page 107. 

1. What are hills? 2. How do they differ from mountains? 3. How 
do the beds of rock lie in mountains? 4. To what are mountains 
due? 5. What causes the crust to wrinkle? G. How do we know 
that most things shrink in losing heat ? 7. How do we know that 
most mountains rise slowly? 8. What are the AUeghenies like? 
9. How do they differ from the Alps? 10. What happens when 
mountains cease to grow? 11. What help do mountains give to those 
who seek the minerals of the earth ? 12. How much do the folds in 
the rocks differ in size? 13. How do continental folds differ from 
those of mountains ? [14. What is the striking difference between the 
movement of heat from the earth's crust and that to the earth's crust 
from the sun?] 

CHAPTER VT. 

Lesson I. Page 113. 

1. What should we observe in order to see how valleys are formed ? 
2. What happens when the lands rise out of the sea? 3. What are 
the principal parts of a river valley? 4. What do we see in a moun- 
tain stream ? 5. What change is marked when the stream has less 
Js)} ? 6. How is the alluvial plain made ? 7. What is the delta ? 
A How are falls formed? 9. How is '^lagax^i ioTm^d? 10, How the 
06jo falls? 11. What are " oxbow»"*J «'moaX»"'l VI.Uqnn ^^^ \Kt- 
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races formed? 13. How are cafious (pronounced eanyoiis) formed! 
14. Where is the best example? 15. How was the Toseinite Valley 
formeil'i' 16. How are tidal valleys torined? 17. Where are good 
examples? 18. How do tides aSecl animal life? 

LesBon II. Page 126. 
1. What can he said of tlie way in which lakes are placed 7 
3. What are the important divisions of liikes? 3. Why ai* certain 
lukes salt? 4. What of salt deposits? 5. How wei'e most of the lake 
iHiaiiiB north of 40° latitude formed? (I. What sort of a surface was 
^Ten to the land by the glaciers, ami why? [7, Why does a lake 
last hilt a slinrt j^eulogioal tiine?] [8. What will in tinie happen to 
the Aniericau Great Lakes?] 

CHAi'TKR VII. 
Lesson I. Page 130. 

1. Describe the events of the Lisbon earthquake. 2. What are the 
three forms of danger in earthquakes? 3. Describe the great Miasis- 
Bippi earthquake of 1811. 4. What are the worst regions for earth- 
quakes? 5. What action of the earth may produce the jarring 
motion of an earthquake ? 6. Wliat effect does it have on the ani- 

,inab of the sea? 7. How does it jiroduce great waves 1 8. What is 

.the effect of these waves? 

Lessoii II. Page 141. 

1. What is the best proof that the lands have once been sea-floors? 
;2. What can be said aliout a lift on the Chilian shore? 3. How does 
the sea take the lands back to itself ? 4. What would happen if the 
Tathmus of Darien were to be lowered l>eneath tlie sea? 6. What 
would be the eSect of lifting the Malay Archipelago so that a land 
bridge frosa Asia to Australia should lie formed ? [G. Wliat is the 
effect of movinjj animals to new countrius?] 

CHAPTER VHL 
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ih(^ ]M%rfocti(>ii of th(^ oarth's luaoliinery? [4. Is it reasonable to sup 
\Hm'i that lliiH order Ih due to cliaiice 7] 

Lesson II. Pagre 149. 

1 . Hy what iiiarkH an^ organic l>eings separated from the ioaniniaie 
world? 2. (live ih<> naincH of four annuals that are closely akin, 
f'). Why an; those akiuY 4. (iive a list of some not closely akin. 
T). What an^ thci contrivances for measuring time? 6. In what order 
of n'laiions can you phw^e them? 7. How many plans of animal 
structure can you name? [8. Can you classify a bee or a beetle?] 

CHAPTER IX. 

Lesson I. Pagre 155. 

1. Contrast living things with things that have not life. 2. VHxy 
is there no gradual passage from the mineral to the living world? 
3. What are the lowliest organized creatures like? 4. What were the 
first plants? 5. What is the most marked difference between animals 
and plants? 0. What do plants strive to do in their successive 
changes? 7. Compare a rose-bush and a sea-weed. 8. What are 
these changes for? 0. What are the changes in the seed? 10. What 
purpose do flowers and fruits serve? 11. How do the purposes of 
animals differ from those of plants ? 12. W'hat is the machinery of 
intelligence in an animal? 

Lesson II. "Page 164. 

1. What are protozoa like? 2. What are radiates like? 3. What 
are the lowest radiates? 4. What the highest? 5. What about their 
motion? 6. What about their nervous systems? [7. What about 
their intelligence?] 

Lesson III. Pagre 168. 

1. Name some bivalve moUusks. 2. How do they differ from 
radiates? 3. What forms of bivalves move? 4. Name some single- 
shelled mollusks. 5. Why are they higher in structure than the 
bivalves? 0. What are the lowest land animals? 7. How do the 
squids differ from snails? 8. Why are they higher than snails? 
9. IIow do they move? 10. What of their nervous system? 11. Why 
maUuBka as a whole higher animals than the radiates? 
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S 175. 



^^P Lesson IV. 

1. Name some articulates. 2. How am they bnilt? 3. How do 
he worms differ from the crustaceans? 4. How does cui insect differ 
from » cra.h'1 5. Give tlte names of a doKon different kinds of iti- 
sectB? 0, How do the rainda of insects differ from those of the lower 
animals? [7. What ia the reason they do not have a more important 
place in the world 7] 8. Compare the articulates with the mollusks 



and the radiates. 



Lesson V. Page 179. 



1. What is the highest of the great groups of animals? 2. Why is 
it the highest? 3. What are the ]«ici<liar fuatures of the fishes? 
4. What are the amphibians? 5. What cliangea do they undergo? 
6. What are the reptiles? 7. What power of motion do they have? 
"8. How do the birds differ from the reptiles ? 9. What is the advan- 
tage of warm blood? 10. Wliat is the highest group of animals? 
11. How is it distiiiguislted? 12. WJiat are the lowest of the mant- 
nials? 13, Describe the advantf^a of the vertebrate skeleton. 
14. How does the nervous system of vertebrates show itself better 
built than in lower animals? 15. How do vertebrates give lielp to 
their young? 16. Tell the succession of coming into life of the vari- 
s groups of vertebrates. 17. Wheci do the vertebrates first appear 
" e earth? 18. How do the means of speech in vertebrates com- 
I pare with those of lower animals? 19. How does man differ feom 
[ the lower animals? 20. How is he related to them? Q21. How does 
p^d differ from the animal mind?] 
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Lesson I. 
. What animals leave \i 
es of hard parts if they 
earth ? 3. What do we find 
I which animals may heci 
foaails more often formed o 
fMsils preserved? 7. How a 
buried? 8. Of what 



Page 189. 

the rocks? 2. What be- 
e left luicovered on the surface of the 
an old forest? 4. What are the ways 
le buried on the land? 5. Why are 
the ^a than on tlie land? 0. How are 
they changed after they become deeply 
fossils to th« g^log^t? 9. ^VTiat do 
they tell him? [10. What part of all the life that the earth has borne 
JMHtheea fossilized ?J 
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CHAPTER XI. 

Lesson I. Page 195. 

1. How long have we known that life was a very ancient thing in 

the world? 2. Why must we believe that existing animals have 

spnmg from the more ancient kinds that once existed, but no longer 

live? 3. What does the Darwinian theory suppose? 4. What do we 

find among our domestic animals that helps us to understand the 

changes of animals? 5. How do we know that life may become 

degraded as well as advanced? [6. Is there any similar truth in 

morals ?] 

Lesson II. Page 203. 

1. How do conglomerates or pudding-stones Jind sandstones show 
that the earth Ls old? 2. How do limestones show it? 3. W^hat do 
we learn from water-falls? 4. From the peninsula of Florida? 
5. From the elevation of certain countries? G. IIow does the history 
of life show us that the earth is very old? 7. IIow can we represent 
the earth's age in years by distance in feet ? 8. IIow do the beds of 
rock give us clews to the history of the earth? 9. How many years of 
life can you remember? 10. What part is this of 1,000,000 years? 

CHAPTER Xn. 

Lesson I. Peige 209. 

1. What was probably the first condition of the earth? 2. What 
do we learn from the planet Saturn ? 3. How was the heat of the 
earth developed? 4. AVhen did the water of the seas come upon the 
earth? 

Lesson II. Page 213. 

1. What are the oldest rocks called? 2. Where do we find the first 
certain evidences of life? 3. What animals were there in the seas? 
4. What higher animals were wanting? 5. What change in life 
marks the Devonian period? 6. 'What marks the carboniferous age? 
7. What important groups of animals appeared then ? 8. What imr 
portant groups of animals appear in the Triassic age ? 9. What do 
the Connecticut ▼•ttsy^ footprints teach us ? 10. When did the first 
mammals appear? h. What were they like? 12. What do the sail 
deposits of the StenD tfane teach xia*^ l^.N^^^«£%^<^T^siS^^aaj« 
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of the Reptilian period like ? 14. When do the birds first appear ? 
15. How did they differ from our living birds ? 16. What advance 
took place in the plants of this time? 17. What changes in the land 
took place in the Cretaceous period? 18. When did the broad-leaved 
trees begin? 19. In passing from the Cretaceous to the Tertiary 
period, what was the great change in life? 20. Is it likely that these 
new forms of animals were suddenly created? 21. What common 
forms of animals were wanting in the lower Tertiary? 22. What was 
the nature of the mass of mammals at that time? 23. What were the 
successive changes by which the five-fingered foot became changed 
into a horse's foot? 24. What are the splint bones of the horse's foot? 
25. What can be said about the advance of birds during the Ter- 
tiary period? 26. What about advance in the insects? 27. What 
about advance in the cephalopods? 28. What advance is seen in the 
plants ? 

APPENDIX. 

Crystalline Rocks. Pa^e 233. 

1. What are the three physical states of matter? 2. In which state 
do crystals occur? 3. Give some instances of crystals. 4. What can 
be said of the shape of crystals of any one substance? 5. What do 
meteors show us? 6. What do we find in little-changed stratified 
rocks? 7. How are crystalline rocks made? 

1. What is claystone? 2. How is slaty cleavage made? 3. How 
is limestone marble made? 4. What is the change that may be 
made in sandstone? 5. What are dykes? 6. What are veins? 
7. Give the important points about the following minerals : quartz, 
felspar, mica, hornblende, pyroxine, calcite, dolomite, gypsum, com- 
mon salt, pyrite, magnetite, hematite, liinonite, siderite, copper, zinc, 
tin, gold, aluminium, sulphur. 8. Of what minerals are the following 
rocks composed : granite, syenite, gneiss, mica schist, porphyry, stea- 
tite, turpentine, qiiartzite? 9. How are these rocks and crystals de- 
stroyed? 10. How do they return to the crystalline state? 
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T ET us take a number of pebbles such as come from the 
-*-^ bed of a river. We notice that they are of different 
shapes and of different colors and of many sizes. They are 
all hard and smooth, but some are smoother than others ; 
some have faces that are nearly ilat, and some are almost 
afi round as marbles ; some are all of the same sort of stone, 
and others are juade up of several different kinds of stone 
mingled together. If we could see the way in wJiich these 
pebbles were formed, we should know much of the history 
of the world. 

Let us trace the history of these pebbles back into the 
past. It is a long story ; for, between the time their mak- 
ing began and the hour in which tliey were taken from 
the water, a vast length of years has gone by. If we look 
at the stream-bed where these pebbles were found, we find 
that it is so full of them that its bottom and sides are in 
good part made up of such bits of atone. When they were 
taken out, tliey were slowly working down towards the 
sea. Every flood rolled them a littl^^|^^er on their 
and were it nut for the fact thaJfl^H^^^'t'i^ tii 
tii&ti caught on the sides of tlic stroantiand held by 
ottwi stones laid on top of tiiem, cft fteA \i'5 "iVv^-. -s^ittXfc-A'v 
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{iliintti, tliey would travel only a few years beU 
would be oithfr w«irn out by the biiiising they recet^ 
oil their ruugh juurncy, or ruUed iuto the avn. But if 
ckuniiiie tlio biinkx nf either sidi' of the river, we find that 
thero ui-o Kr«ut c]uuntities of such pebbles as are now in the 
Utraaiu, tlmt Imvu been Htojiiicd iu their journey, and built 
into the Hti-ip of level huid that inakes a plain on cither 
Bide of the rivur. The t;baiice was, that if these jiebhlea 
]i(ul Iweii left wliei-c they were foimd, they too would have 
uflen been com [ idled to wait on the bank; becaune the 
utreain does not always keep the same bed, but is continually 



ing away on one Bide aud filling in on the other. So 
t>eaoh pebble joumeytt ii little way down stream, and 
\ rests awhile nn the bank ; while other i>ehb]ea, ibg^ 
e been perhaps for thmisands of years imprisoned In tte 
liank, aiB taken out by the ehanging river and carried a 
way down stream, agaiu to be put into their resting-pli 
e alluviiil land. 

1 U8 look for the place where these pebbles were 

pd. As we g^i^Btreani we find the jiebbles growing 

( Liij^ii' MtinRBfee angular, until at length we fincl 

io liLavy tt*at only tlie swiftest-riuining waters oaa 

I tbcm; 'lk|K^4iMSUso they waai away by Si'" 
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over eacb cither. Tliis work ia copied in the making iif 
boya' mai'bles ; ami it is worth wliile to notice how in this, 
as in many iither branches of labor, man succeeds in his 
tasks by imitating Nature. In making marbles, bits of 
square stone, all of about the same size and of even hard- 
ness, are put into a large drum tlirough which a stream of 
water flows. This drum turns around like a wlieel, causing 
the stones to rub over each other; the same amount of 
wear being given to every side, they come out spheres. It 
might seem at first that we ought to Lave the same shapes 
in the river-pebbles, but we notice that these are usually a 
little larger one way than they ai'e the other ; they are 
often so flattened that they are cafled "shingle," Tliis is 
l}ecauee stones are generally more easily worn in one direc- 
twm than in the otbei'S. They are not e(^ually soft on all 
sides. If we should turn them round on a latlie, and then 
pat them in the mai'ble-makei''B drum, they would wear 
into oblung shapes. As soon as a stone is a little flattened, 
the water finds it easier to push it along on its side than to 
roll it over and over ; so it wears it into the thin shapes we 
often find. 

Going np the sti'eam, we come to the part of its course 
where it no longer makes its bed in gravel and sand, bnt 
tumbles over the hard rocks. Here we can see the place 
where the making of the pebbles begins. We see large 
masses of stjine that have been broken out of the cliffs 
that border the streams. These bits are of all sizes : some 
of them SI i small that the stream sends them bowling along 
down Us bed ; others great masses as large as a barrel, or 
larger, that lie still in its bed, and foree the water to tiim.< 
out of its way. When thewe great maaaeB of stone arc very 
solid, they may last fur centuries wLUBBIieing harmed Jjy 
hat usually there ar6-»0li^^<jg ijfag 
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in the stone into which the water finds its way. During 
the summer season the water can do but little, but when 
the intense cold of winter comes, and all the stream ia 
frozen to its bottom, this water in the crevice also freezes^ 
and in so doing exerts power enougli to split the stone 
in two. This force the ice has because water in freezing 
must expand by one-seventh its bulk ; to get this greatei; 
space it will push things a]»art slowly, hut with all the 
force of gunpowder. A bomlj-ahell can be broken by fill- 
ing it with water. ]iluggirig up the hole with an iron screw^ 
and putting it out of doors of a winter's night when the 
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thermometer goes ]>elow zero. We often see how pow 
ful it is from the bursting of frozen water-pipes. 

This rending by the frost will soon break up most i 
to bits that the river in its Sood-times can drive d<rt 
its bed. But generally the stream grows less swift an | 
descends toward the sea, m that tlie stone is urged i 
ward with less foree than is necessaryto move 
this happens, it lies awhile until the froBts of other fl 
have divided it agaiii. 

It is this same fcu»t that does Mie most of the workri 
brtmhing the st^^^u^of the cliff sides, so Uiat theyi) 
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8EA PEBBLES. 

We have now seen the most common way in which peb- 
bles are formed ; but there is another pebble-mill on the 
searshore that does much the same sort of work, though it 
makes pebbles of a somewhat different form. 

If we go to the eoast anywhere where the shore follows 
the wide sea, or around a lake large enough to form great 




■on these coasts we find two sorts of shores : when 
' hard rocks jut out into the sea, there are steep cliffe 
against which the waves beat (see Fig. 3) ; but the larger 
part of the shore ia shelving, being made of pebbles and 
Band. These shelving shores are called "beaches." They 
are of the form shown in the figure (see Fig. 4). As we 
stand on these shores we see that the waves, as they break 
upon it, run op the beach with great power, and then hurry 
hack only to rush again up the slope aadt again retiu-n. If 
be strong, this Bwastnng to aai-ito li^a.-swa "Obr 
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water very swiftly up and down the slope ; and, as it goes, 
it rolls tlie pebbles with it In heavy storms, stones as big 
as a inau's bead are ea^jily rolled to and fro for two or three 
liuiiilred feet of distance. In these stomis, the sinaller 
pebbles are often Hung out ^ntli the foam beyond the 
sweep of the wave, making the ridge shown in the 
picture. 

But most of the pebbles of the beach swing to and fro 
within the waves until they are ground to the finest bits. 
They are in a mill that never stops working. Although 
in the course of ages the shore moves about, it is really 




SectioD of a Sea Bead). 



among the raostenduring things of the world; for the waves 
of the sea have rolled in this fashion against the land ever 
siiiiio the KouH were mmle. A pebble on the beach, unless 
it frv.U (;ov(tr«!(l up by otlicr pebbles, wears away very iaat. 
It ti'iiV(flH ill tinu!S (if calm a little distance every time the 
wavtt HtrikeM ; as this is, Hay, six times a minute, the stones 
iiiovii a few fi^et (we may average the distance at ten 
foet) ill ail weathtirs; they would thus travel between 
twc.lvo and fifteen miles a day. We have only to listen, 
tu the waves rush oii and down, to hear the grinding 
of the) p<!bliles against each other as they are rolled to 
and Iro. It it) not only the to^ pebbles that colL, but the 
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whole of the beach is moved to the depth of two or three 
feet. Sometimes the roar of the grinding stones can be 
heard several hundred feet away from the beach. 

The ground-up pebbles make sand and mud, the history 
of which we shall follow hereafter. We will now go seek- 
ing for the origin of the beach pebbles, as we sought it 
in ascending the stream when we were finding the way in 
which river pebbles came to bo. Nearly all beaches of the 
sea-ehore are erescent-shajwd, as in Fig. 4; they have at 
one or both ends of the horns the place where the lob- 
bies begin to be made. We find these smallest in the 
bottom of the hollow, and 
they grow larger as we pass 
out toward the place whcie 
tliey begin to form ; just as 
they grew larger as «e went 
up the stream when looking 
for the place whence the ii\er 
jjebhles came. When we get 
to the end of the beach wc find 
the heatuig searwaves at work -^^s- ^- ""c "^ " ^"^ "'^'^''■ 
catting out the stones of which the pebbles are to be made. 
If the rock be as soft as a gravel hank is, and many of the 
beaches of our northern coast are cut in gravelly l)cds, the 
sea has little work to do ; the waves soon cut back into the 
cliff, when the overhanging massslips down into the sea ; then 
the pebbles arc driven on to the beach, when their rolling to 
and fro begins. But when the i-ocks arc lianl, the sea has a 
good deal of work to do to force out the blocks of stone ; but 
by taking those on which it gets a grip, and hurluig them 
against the rock, it slowly but surely manages to cut back 
a groove so that the rocks overhang and Call of tbavc Q'K'a. 
weight. When they fall, these maasftS oi ToOis. ^<yaati£&:i 
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break up into jiicct's tliiit the M'aves can lift and hurl 
aj^minst tlir ("lilV, or ap^aiiist each other, until, by breaking, 
they hcMroinc small cncmgh to be kept in constant motion; 
Wu'ii they are qiiiekly <riislied into pebbles, and rolled to 
tlie ))eaeh. Thus, the elilT part of the shore feeds the sea- 
))eacli, wlii<:li is a sent of mill for grinding pebbles. 

LESSON III. 

rjLACIAL PEBBLES. 

Thkke is a third kind of j>obl)lo that has a different his- 
tory from eith(u* of tht; other two. It, too, is the work of 
wa.t«B| })uti of water working in the veiy different form 
of m\ In th(! n^gions near Hhj poles of the earth, and in 
th<5 highflj) valleys of souk; gn^at mountains, we have snow 
tfiat, FH^ver melts from ()n(^ yvwr to another. This snow 
would ma.k(! an innneiist^ly higli mass if it had no way to 
esc^ajx;; but, a road for it to g(;t into warmer regions where 
it e-a-Fj melt is p'-'widc'd in this way: — 

TIkj (jtcj-nal siiow-tields anj always receiving snow both 
Ifi sunjm(^r and winl(;r. This snow is pressed down by 
that, which falls upon it, and by this pressure is turned 
into ie(!. Wo easily sec how much harder and ice-like 
snow grtjws Avhen ])r(;ss(;d. A snow-ball, if s(j[ueezed hard, 
bc^eomes a Avliitish ie(j, and the snow that gathers on our 
feet; is almost as haid as ice. Now, a great mass of this 
ljard(^n(jd snow, lying on the sloping ground of the moun- 
t.ains, will ilow down that slope, becoming more like pure 
ie(i as it goes downward. When it gets into the lower 
valhys, it is a true river of ice, that may be half a mile or 
more wide, and liundi'eds of feet deep. In the Alps and 
Himalayas these streams slowly creep for miles, some- 
times for as much as thirty miles, down the valleys, until 
tli(r "-n regions wami ©i^oiigla. to TcisiW. ^i\\viTcv -a:^^ 
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These streams of ice are called "glaciers," from tliG Frencli 
word glaee, which means ice. They move very slowly, not 
more than three or four feet a day. They are constantly 
bretikiog and soldering together, b\it still they mo' 
faster in summer and slower in winter, and so drain' 
the snow from the regions where it cannot melt, 
from beneath these glaciers there flows a stream. 
water is always very muddy, and it hears away 
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pebbles, which, with the rocks that have been Ciivried on 
the surface of the ice, make great masses of stones called 
•• moraines." 

If we look closely at these pebbles, we may see that, 
though they somewhat resemble those from the I'ivers and 
the searshfire, they are yet unhke them. These stonea 
shaped beneath the ice are not so smooth and round aa 
tile others; they often have scratches upon them, as in 
the figure, which show tliat they have been held fast 
in the lee and pushed over some hard substance. (Fig, 7,) 
We Clin see the way these scratches are hirrued if we enter 
tib« Cftve out of wliii'h Hows the stream tliat drains the 
I Slid a place where t\\e i 
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This we can easily iln on many a glacier. WTien the ice 
rcsta i>n tlie rock, wc often lincl that it hasgiasftpii pebbles 
that are Leld firmly upon the rock and forced along over 
it. As llie ice slcwly melts when it touches the rock, 
ttecausG of the heat uf the earth and the beat that coines 
from the nibbing that takes place there, these stones are 

is«ed on by all ibe ice above them, so that a stone as 
as an apple may have many tons of weight upon it. 

These pebbles scratch the stone over which they are 
'pushed, and in tui-n are scratched ; and so, when they 
escajie at the end of the glacier, they generally bear the 




marks of their struggle with the iee and I'ock. It is not 
erery pebble that has been inider the ice that bears these 
marks, for there are many tliat never get caught in this 
way, but are carried on by the stream that tlows beloWi 
the ice, or held up in the iee so that they are not i^^ainBt 
tlie rock. 

These pebbles are made out of bits of stone torn out of 
the rock-bed over which the glacier flows, or that tail from 
•the rocky sides of the mountain upon the Burfaee of the 
iee, and then find their way tlirough the cracks in the ice 
Ut the bed of llie glacier. 

Finiii-e 6 Bborra aa' Jea Btaroajn, with, the 
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upon it that have folleii from tlie siiles of the nioKntaiLs, 
and which very often I'liul their way down into the ].iebble 
iactory at tlie base of tlie glaeier. 

The miiildiness of the water flowing from beneath gla- 
ciei-s is noteworthy. This mud is made in the grinding 
oF pehblts and sand in the way that we have seen. There 
18 so much of.it that every river in Switzerhmd wliiuh has 
glaciera on its liead waters is very muddy, wliile those that 
flow Ironi lower mountains tliat liave no ice streams are 
of crystal iiurity. 

We have now seen how the pebbles are made beneath 
glaciers, and the reasons why they are more angular tlian 
those made by flowing water. We can easily believe that 
these scratched pebbles tell an important story when we 
find them in countries where there are at present no 
glaciers. As there is no other possible way in which peb- 
bles can be so scratched, we may be sure that wherever we 
find them thus marked they show that glaciers once ex- 
isted. Now, such scratched pebbles exist over a large 
part of North America and Europe, and other countries 
where there is now no trace of glaciers. If we take a line 
fi'om New York City through Pennsylvania, and thencs 
across the continent to St. Paul, Minn., then to the Black 
Hills, then south to the Rocky Mountains of Southern 
Colorado, then to the sea-shore at the mouth of the Colum- 
bia River, we may almost always find scratched pebbles 
along this line, and in nearly all the region to the north 
of it, as well as some few points to the south of it. If 
we search below the soil, in these countries, we often find 
the rocks still scratched by the work of the ice armed with 
these bits of stone. From these proofs we are certain 
that ft thick sheet of ice once lay over all this country, 
>¥ed aouthwards, scratching ^eVJViVfe'i a.ft&. tia^* «fc 
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it went. All through this region these glacial pebbles 
are very plentj^ sometimes forming hills a hundred or 
more feet in height. So plentiful are these rudely-shaped 
pebbles in these northern countries, that we find more of 
them in the streams and on. the sea-shore than either 
streams or sea can make for themselves. There are many 
times as many pebbles made by this ice-mill now, on the 
surface of North America, as have been made by the 
streams or waves and rivers combined. Indeed, a large 
part of the work now done by the rivers and sea-shore 
waves consists in shaping out and rearranging the pebbles 
that the ice has left over the land. We cannot now turn 
aside to consider the liistory of this wonderful ice time, for 
we intend to go only as far as tiio j)ebbles serve to show 
the way ; yet we see that these bits of scratched stone, 
when we read them aright, open to us a wonderful chapter 
in the earth's history. So is it with all the things of 
this world. If Ave could see all that one of these little bits 
of stone has lived through, we should be able to look back 
through a mighty past, that would startle us with its 
strange scenes. 



LESSON IV. 

SAND. 

While looking at the history of pebbles, we often find 
ourselves in company with its numerous humbler kinsmen, 
the sand-grains. At first sight it might seem that these 
sand-grains are only little pebbles that are near the 
end of theii* long coijibat with the water, — that fight 
*^ago BO well, thoajgli in tliQ end tT\ey ace oyercoine : 



SASTi. 

rhen we look closely tit them, we see that although 
itre pebbles no bigger than large gi-aiua of sand, a 
grain of sand is, after all, a different thing from a littla 
pebble. 

If we take some sand fi-om a viver, — where, as with 
pebbles, we will begin our study of sand, — we generally 
find, if we look closely, and especially if we take a common 
magnifyiug-^lass to aid us, that these grains 'are 8hari> 
angled, with flattened sides, and that they are generally 
like bits of glass, letting the light through them, though 
not exactly transparent. This shows us that sand-graina 
are in fact crystals, generally of a substance called quartz. 
We can easily satisfy ourselves that these grains are harder 
than most stones ; by rubbing sand-grains upon the stones, 
they will scratch these stones without breaking the sharp- 
ness of the edges of the grains. The only change that 
comes over the grains is that many of thein break hito 
two or more pieces, which still presorvo the slmrpnesa of 
the lai^er bits. Even the powdery-luoking stuff, if we 
look closely at it with a miiiroscope, is seen to be made up 
of small, sharj) hits. 

If we compare tlie sand-grains with a tiny pebhle of the 
same size, using a strong magnifying power to aid our 
^ght, we find that the grains of sand are all composed of 
one like substance, while the [lehble is made up of ;nany 
grains of different sorts of substances. This substance of 
most saufl is the same as glass ; indeed, glass is made by 
melting sand, using some potash, soda, or lime only to aid 
the melting. We know how hard and cutting hits of 
glosB are; sand-grains arc even harder; for it is necessary 
to put some other substance into glass to make it melt 
easily, and this softens it somuwhat. 

, searching £ot tVe ^\aa6 -aVct^ '5aft 
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Band is formed, we do not find tlie grains growing much 
larger, however for we have to go to find the place where 
it is made. This is a proof that the sand-grains do not 
wear so fast as the pebbles ; for the lessening in the size of 
the pebbles as we go down stream is verj' marked. Often 
a good deal of the sand comes from the pebbles themselves; 
for these pebbles are often comj)Osed in part of quartz 
crystals, which break out in the shape of sand-grains when 
the pebbles are pushed along the bed of the stream and 
bruised against eacli other. But when a stream abounds 
in sharp sand, we shall find that along its course there are 
some rocks composed in i)art of quartz, such as granite, 
or syenite, or sandstone. When these rocks decay, they 
fall to pieces, and these grains of sand, being lighter than 
many other things that make rocks, are easily moved by 
the tiniest rills to the nearest stream, and they can jour- 
ney down to the sea without any trouble. In all rivers 
that have anything to make sand of, along their banks, 
there is a constant stream of sand moving down to the sea, 
— more in times of flood than in low water, but always 
some. In the Arno, in Italy, on the banks of which 
these pages are written, we hav a good instance of this. 
Where the stream goes through Florence, it is a rather 
small river, indeed less than the Merrimac, the Mohawk, 
or the Great Miami rivers of America. A dam across the 
stream deadens the current, and helps the sand to settle 
to the bottom. Boatmen with long scoops are constantly 
taking out this sand from the pool below the dam, many 
cartloads a day being thus removed. But there is never 
any lack of new sand to fill the places ; when one place is 
cleared, a few days suffice to fill it up again ; yet this is 
not what would be called a very sandy river. In some 
parts of the Allegheny mountain countayj^where all the 
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rocks are sandy and decay quite rapidly, IIil' alreains 
carry bo much sand that it is not possiblo to make a inill- 
pond that will be of any use, for the basin mil be filled up 
in a few months' time- 
As these sand-grains have sharp edges, and are harder 
than any other stones, they cut the stones tliey slip over. 
Whenever one stone is driven over another, there are 
generally snme grains of sand below the rock to help to 
wear thera away. The cutting power of a stream of 
water depends very much on the amount of sand or peb- 
bles it has ill it. If we drive a stream of pure water 
against a pane of glass, it will not affect it, even if we 
keep it moving at a high speed for days; biit, if we have 
a little sand on it, the water will diive the siitkI against 
the glass, and in a few minutes it will appear like ground 
glass, from the cutting action of the sand. In the same 
way, the river-water gets a power of wearing stones. In a 
similar fEtshioii, the sand is used in glass-cutting to shape 
figures on the surface of the glass. If the workman wishes 
to make a figure like a leaf, be pastes a paper on the glass, 
leaving the figure of a leaf bare. !Ie then puts the glass 
in a blast of air, or steam, that drives saud at a high speed 
against it, and in a short time the bare part is cut so that 
it appears white, wliile the paper protects the rest nf the 
surface from the cutting [lower of llie sand. 
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LESSON V. 

SAND OF TlIK SEA-SUORE. 



Nowhere else in the woilil can we see sand to so much 
advantage us ou the sea-shore. Indeed, most shares seem 
igt&nt sight like only sea and sand. On, ths, a 
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find tlie saiitl is the best friend the land has in its eternal 
combat with the sea. On far more than half the coasts o£ 
the world it fomia a sort of armor, on which the pebbl* 
armed sea can strike its blows without euch destruotiva 
eEFectfl as it would bring about on bare rocks. 

If we examine a beach when the surf is rolling in apod 
it, we may see how the sand resists the miglity blows thai 
are strnck against it. When the wave lifts itself into i 
great wall to tumble on to the beach, the hard grains oi 
sand lie close together so compacted that tlie foot wil 
hardly make a print upon them ; yet between the graini 
is a little cushion of water which keeps them from wearing 
against each other, When tlie blow is struck, the saiui 
hardly feels the effect; a part of it is stirred, but the 
grains are so wrapped about with water that they do ncri 
harm each other. If they were pebbles, they would pounj 
against each other with a roar that we should hear abovftT 
the sound of tlie waves; but the littleness and lightnearj 
of the sand gives it security. It is only when the santEl 
gets between stones, that are pounded together by 1)llfl 
waves, that it is much worn ; then some of its grains ufl 
ground to fine powder. The most of the sand we fin^B 
on the sea-shore is made by this pounding of the atoo^J 
together. In this pounding both stones and mud weuS 
very rapidly, some part of each being ground into the flivfl 
powder we call "mud." a form of bruised stone which l^fl 
have soon to consider. ^H 

Above the point where the waves beat most fieroen^l 
where the broken water of tlie surf writhes hurriedly abou^| 
in foaming eddies, the sand moves far more than when i^| 
^fcceives the solid blow of tbe falling waves. Here, too, ill 
Htives but little, but it makes a mill where little pebblfl^| 
^mi^'ts of abell, gea-Treed, eto.> are cajb -ro^ \i^ ita gba^B 



sksTj br THE seashore. 



IT 



points, and grndually ground into powder. Tliia is an 
impoi'tant work for the sand to do, as it makes a. great 
deal of rauddy matter, out of which the sea builds rocks, 
as we shall see hereafter. It also, by grinding up rubbish, 
keeps the sea-beach the clean, orderly place we always 
find it to be. 

The heavy storms throw a good deal of sand above tho 
level attained by ordinary waves. This becomes very 
diy ; few plants can grow upon it, and tliese are killed by 
the next heavy storm. When the tides are low, the hot 
sun soon dries the exposed sjurface of sand down to near 




J level of low tide. When the wind blows strongly from 
the sea, it moves this sand before it. We can at such times 
see little streams of blown sand moving up the beach until 
they are beyond the reach of the waves. Thia sand helps 
to make tlie high beach wall that often lies along the 
shore. On most shores the winds from the land side soon 
blow m()st of this back into the water. But if it happens 
that the winds from the sea are more powerful than those 
from the land, this sand keeps working inland, and gathers 
into great heaps called " dunes." Tliese dunes are sometimes 
more than a hundred feet high, and miles in length. (1 
ind Irota the seaward BiAeVisfc'^Wa^NSa^; 
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to the landward side, and so the dunes slowly wend away 
from the sea-shore, sometimes marching slowly inland and 
overwhelming fields and villages as they go. On the 
Atlantic coast of North America the winds are generally 
from the west, hence tlie dunes do not often have a 
chance to form, for tlie sand is blown out to sea. But in 
Europe, the same west winds carry the sand inland. In 
the head of the Bay of Biscay these sand-heaps are of very 
great size, and have covered a great deal of land. But 
for certain plants which flourish even on the sand, and 
tend to bind it together, it would not be possible to save 
many fertile regions from these dunes; but the grasses 
knit them together in a firm way, so that the wind cannot 
move them. If by any chance a hole is made in this 
covering of grass, the wind getting into it will sometimes 
tear the hill away. Even a footstep will sometimes start 
the break in the bonds the grass puts upon it. 

On the land side the wind tends to take the sand away 
from the shore ; and on the sea side the currents of the 
water, especially of the tides, work to pull the sand out to 
sea. We find, by drawing up specimens of the bottom in 
dredges, that the sea-floor, for hundreds of miles from the. 
land, is covered by sands that wander to and fro in the 
sway of the currents that sweep near the shore. These 
sands have all been formed in the course of ages along 
the shores or in the rivers. But the most of the work of 
making sand is probably done on the surface of the land 
by the decay of the rocks, which fall into sand, and are 
then carried by the streams into the sea ; where, because 
of its fineness and lightness, it may easily wander very far 
even in slight currents. 
Jf we take up a little of any soil, we are pretty sure to 
£nd that it is partly composed oE aaud. lxiixio«>\iX^"^at«^\jK&^ 
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SAND OS- O^B SEA-SHOBB. 



s always part of the soil. So we see huw universal 
this sort of matter is in the world. If by any change <ii 
climate a soil becomes too dry for plants to live, iis in the 
Sahara Desert, then the soil becomes the prey of tjie 
winds, that sweep it about and make great duiiea of mov- 
ing sand and finer dust. These, as well jis the sea-sands, 
may blow into fertile euuutriea and redui^e tliem to deserts. 
In this wu-y the Afrioao deserts are always trying to gain 




. Mile Delta and iiciglibi nug DeRerts. 

!he fertile land of Egypt. If it were not for the plants 
that hold the soil down, so that the wind cannot get linld 
of it, all our earth's surface would bo as uneasy as the 
sands of the Sahara. 

Band is also plentifully foniied beneath glaciers, even 
more plentifully than on the shores or in the streams, for 
there the pressure is far greater, aud the stones are easily 
crushed by it. 

When the sand is sharp, and blown in quantities by the 
wind, it sometimes cute the rocks a good deal. In some 
imrts of the Rocky Mountains it polishes and scratches the 
Btones in the process. On some shores, when the wind 
blows along the coast, the pebbles are slowly worn away 
by the sharp girains that are constantly swept over tliem. 
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LESSON VI. 

MUD. 

As the sand comes below the pebbles in size, so these 
mud grains, which we are about to study, are less than 
the sand. Mud grains are so small that we cannot see 
them well without the microscope, and they have none of 
the charm for the eye that belongs to clean pebbles or 
sharp sand ; yet, like all other things that at first sight 
seem to want beauty, mud is full of interest and of beauty, 
too, when we come to understand it. 

If we jnit soine mud under the microscope, we find 
that it is eomposi^l of small powdered and battered grains 
of rock, nuiny kinds commonly being mingled together in 
the mass. Wo see that some of the bits are like little peb- 
bles, being eoni])ose(l of several sorts of stone in the same 
piece ; others are very small fragments of sand that have 
become decayed and softened after their long battle with 
the waters. We also often find little bits of plants, frag- 
ments of shells, etc. In other words, mud is the result of 
the constant battering that serves to break the fragments 
of rock into small pieces, and of the decay that con- 
stantly divides the bits into yet smaller particles. 

If we put a little of this mud into water, we see that, 
inilike sand and pebbles, it does not at once fall to the 
bottom of the vessel, but remains like a cloud, only 
slowly settling to the bottom. Some of it will go down 
in a few minutes, some will fall in a day, but even in a bot- 
tle only six inches high there will be some that will require 
a day to find its way to the bottom. 
// iro go to any stream, we fthaW 5ii\vL Wv^t., \C \t be a 
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mountain brook, there will be but little mud, and that 
coarse grained. Stirring the water, we find that the cloud 
of mud that is raised quickly falls to the bottom, showing 
that it is coarse grained. This is because the finely divided 
rock easily runs away in the swiftly flowing water, and is 
carried off as fast as it is made. Going .^own stream to 
where the water flows more slowly, we shall find the mud 
becoming finer and finer, as is shown by the fact that, if 
we stir the bottom, the water wiU remain muddy for a 
longer time. As we go towards the mouth of 'a large 
river, such as the Mississippi, we find the water, though it 
moves slowly, is always clouded with mud, and the banta 
are, in the main, made of mud of the finest sort. Such a 
stream is always rolling out to sea a great mass of this 
mud, so finely divided that it may stay afloat for weeiffl 
and months, and thus be carried to tiistant parts of the 
sea. 

Thi» finely divided rock which we see as mud is abun- 
dantly formed on the seiwshores, as well as in the streams. 
The stones grinding together wear into this shape, and the 
sand that is rubbed between them has the same fate. We 
see little of the inud on the shore, because the currents 
formed by the tides and winds eaaUy bear it out to sea ; 
but, at very low tide, we often see very broad flats made 
entirely of mud ; and, if we look in the bays along the 
shore, we often find that thousands of acres of land have 
been built by the mud that has been drifted in from the 
sea by the tidal currents, and caught by the salt-water 
plants. Yet more of this mud from the shore goes far off 
to sea, and falls on to the deep ocean Boors. 

Yet the most of the mud is not ground up by the eea- 
waves, or the rubbing of stones on the river-bed. It ift 
Lij^and beneath the soil, by iVe auXAQtv ol %eK»^> 
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brought about by water, and also by the work of plants 
and animals. If we take some soil from a field, and dis- 
solve it in water, we find that it is partly composed of sand, 
in part of decayed plants, but in yet larger part of grains 
of mud. These mud grains generally make up more than 
half the whole. In all fertile soils they are much more 
than half the total mass. If we look closely, we may 
see what are the means whereby these mud grains are 
made. 

When water goes through the layer of decaying plants, 
it takes up certain acids from it. These acids are formed 
by the decay of the dead plants in the soil. By these 
acids, as well as by tlie oxygen, which in part composes 
it, water has a very great power of rotting the I'ocks into 
fine ])()wder. This process is called oxidizing. A famil- 
iar instance of it is seen wlien iron rusts in the ground. 
When tlio ground freezes and thaws, this dividing of the 
stones is greatly helped ; for, the water soaking into them, 
and tlien swelling when it turns into ice, bursts them into 
dust. Then a singular work is done by the earth-worms. 
Tliese creatures get their living by eating their way 
through tlie soil. They take the earth into their stom- 
aclis, take from it what there may be that they can digest; 
they then cast the earth out again; but, while in their 
bodies, the earth is exposed to the acids which serve to 
digest the food, q,nd is more finely divided. Now, as in 
most soils there are many thousands of these worms to 
the acre, and as they are always at work, except when the 
ground is frozen, it is reckoned that they pass all the 
soil on which they live through their bodies every few 
years. There is no doubt that these humble creatures do 
a work that is fit to be compared with that of the rivers or 
seashores^ in grinding up tTie eiVem^TA.^ oi x\i<^ <i^Tt\i mto 
^ finest innd. 



In this work of tlividing the line grains of tlte soil the 
roots of []lants also take an important share. The little 
fibrils that the roots put out arc very slender, ^ sometiinea 
so small that the eye can just perceive them. These, en- 
tering into the crevices of the mud grains, grow larger, 
and, as they expand, hurst tlicm apart. The roots of the 
larger plants, as they grow larger, exert an immense force. 
They may pry rocks apart as if they were wedges of steel. 
We see a little of their power on the streets, when they 
sometimes lift the paving stones. The first little thread 
of the root is so slender that it can insert itself into the 
crevices that lie between the grains of sand and mud ; and, 
once there, it can soon gather power to rend them. 

The lai'gest share of the mud we find in a river is not 
made in its bed, but is carried from the land by the rains, 
which very easily dissolve it and convey it away. We liave 
only to watch a plowed lield to see how large tlie amount 
is that goes away with every rain. Were it not that the 
forces that break up the rocks into this mud are always 
at work, there would soon be no place for the plants to 
grow, 80 fast do the streams carry it away. 

We have now seen in part how the machinery of the 
waters, aided by other forces, such as frost, roots, and the 
stomachs of worms, serve to divide up the i-ocks of the 
earth into very tiny bits, that can be easily carried by 
water. When in this divided state, a good jmtt of the 
matter tarries on the land, and helps make our soils ; the 
rest goes to the sea. and helps make the rocks that are 
constantly forming there. 

We will now turn aside to consider the history of soils, 
for on them depends all the usefulness of the world to 
man. Then, afterwards, we will see what becomes of the 
J and sand that goes from t\ifi tWeta aaiV (^ 
f of tliB seas. 
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LESSON VIL 

SOILS. 

The most important result of this battle, that is waged 
against the rocks by the air, rain, etc., is the chance it 
gives for life to find a place on earth. All the vegetable 
life of the land depends upon the existence of soils, and 
all the animal life would have no chance to exist, if it 
were not for the plants. Indeed, much, if not the most 
of the life of the sea, as we' shall find further on, is fed by 
the things the soils produce. 

In any field we have one of the common shapes which 
this layer of earth takes on the earth's surface. If we look 
at it closely, we see that there is on the top a layer of a 
very dark color, which we at once know has its color given 
to it by the decayed plants it contains. These plants turn 
black as they rot; and, though they break up into small 
bits, we can still see on the surface that they are bits of 
plants. This is plain, for the plants are not altogether 
decayed, and keep their shape. As we go downward, these 
bits of dead plants gradually pass into a brownish mould. 
As we dig yet deeper, this disappears, and we have the 
earth without any mixture of plant-fragments, but only 
colored by the stain of decayed plants. As we go yet fur- 
ther down, the soil becomes harder, until we come to the 
rock. This rock is generally soft at the top, and broken up 
by the roots that A^c^rk into it. Below this level it is found 
to be quite solid. 

This is the common sort of soil over all the world, ex- 
cept on certain regions, of which we shall speak presently. 
Such a soil is made by the gradual decia^ oi t\i<^ Yo^k. If 



we slioiikl Hti'ip it all awaydfiwii to the solid rock, it would 
begin to form agaiu iii tlie following way : After a few 
yeara' exposure to the air, the stone would decay a littlet 
and the seeds of lichens falling upon it would fiu<l a little 
softened rock to fix themselves upon. These simple 
plants need no soil, for they have no roots; they only 
need a roughened stone to fix themselves upon. They 
soon make a close net over the surface, so that it is quite 
hidden from sight. They keep the surface moist, and the 
acids made in the water by their decay helji to rot the 
stone. Soon there is a little earth gathered in the small 
hollows of the rock; and, in these, grasses and low slu-uhs 
find a foothold. These, with their roots, help to break up 
the decaying atones, so that they may rot the faster. It 
takes many years, perhaps centuries, to get this beginning. 
These larger plants, when they die, make a mould that 
grows thicker and thicker as time giies on, so that it comes 
to be fit for the roots of trees. The seeds of pines, iwtplars, 
willows, and other trees with seeds so small that they need 
little covering, and so Ught that they can be carried by 
the wind, are constantly trying to find places to grow ; and, 
as fast as this stiil grows thick enough for their use, they 
spring up upon it. Soon we have the beginidiig of a for- 
est, wliieli is at first very stunted, because the soil is so 
thin. But this soil now grows rapidly in two ways: first, 
by the decay of the leaves of tlie trees, as well as by their 
trunks and branches when they die ; and, secondly, by the 
action of the roots, as well as of the frosts, in breaking up 
the stones at the bottom, so that they may rot the faster. 
The breaking up of the stones hdps the rotting by add- 
ing to the surface over which decay goes on. If we have 
a solid mass of rock like a floor, it rots only over its sur^ 
, if it breaks »jj into bits, the aurtaco oNtx Vm^''^ 
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decay goes on may be t^n or twenty times as large, and 
the decaying equally increased in rate. 

All the while the rock is breaking up into bits in this 
fashion, the rain-water is washing through it, becoming 
soaked full of acids as it passes through the decaying 
bed of leaves, and with them dissolving the rock into its 
waters. In this shape the substances of the soil are ready 
to be taken into the plant through its tender roots. If the 
I)lants are numerous, and the wat^r goes slowly through 
the soil, a good deal of this stuflP the water takes into 
solution is caught up by the plants into their bodies, and 
for a while rests above the soil in the light of the sun. 
By and by it falls by death, decays, and the ceaselessly 
acting water has another chance to drag it down with it 
to the sea. All the water that runs from the ground in 
springs takes sonic i)art of this plant-food with it which the 
soil never recovers ; but, while it robs the soil of a part of 
its richness, it gives more than it takes, by its effect in 
helping the decay of the rocks. 

The richness of soil depends upon two things: first 
and foremost, on the nature of the rock below it, that is 
to say, on the kind of substances that the rock has in it. 
If the rock be a limestone with a great many fossils, it is 
sure to do its part of the soil-making in a perfect way, 
and give a fertile earth. Next, the soil depends on the 
action of the plants which yield it the vegetable matter, 
without which the rocks alone could not make the soil 
rich,- for it is the acids that the water gains from the de- 
caying plants that enables it to dissolve a sufficient part 
of the materials, so that the plants can get a hold on 
them. Of all the mass of a soil, probably not more than 
the thousandth part is at any one moment ready for plant- 
food. Tho gvcaUn' ])ai*t stays viiidisaolved^ and it only 

''lygocH into tlio shape of fooiViox >J[v^ ^\?a\\,%. 
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Let us see now what is tlunc when man comes to use 
the soil for the crops on whitih depend all hia sirts. The 
rudest savage ranges through tlio forest, and tiikes only 
its fruits and its wild animals; but sucli peuplea are rare. 
Almost every trihe in the world gets some profit out of 
the soil by tilL^y. This can only be done by stripping 
away the natural plants, anil using their place for those 
which suit man's needs. On tlie perfection of his meth- 
ods in this work depends all his cliunces of civilization 
and wealth; for, however much wealth and culture are at 
times sepai-ated from agriculture, they always have their 
roots in this art, even as the trees, however high, depend 
on the earth beneath. When he tills the soil, man de- 
stroys its old natural state, and makes all its procesBes 
somewhat unnatural. When the plants are stripped away 
the rain no longer does the stime work of creation alone, 
but it becomes a destroyer. The sponge-like mass of 
dead leaves, twigs, and trunks that make up a forest bed, 
holds the running water away from the soil, until it gets 
into considerable streams. These generally cut down 
into the rock, and so harm the soil hut little ; they eat 
only a little away along the river-banks. When the soil 
is tilled, the rain .'strikes on the surface of the hare earth, 
and sweeps great quantities into the streams. If the hills 
be steep, we often see the whole soil npnn them carried 
away, leaving the bare rock, thus destroying in a few 
years the slow work of ages. When the soil is upturned 
by tiie plow, it is left very open, so that the process of 
decay goes on rapidly, and it is possible for a great deal 
of the soil to come into the shape for plant-food; but the 
raiJi is the more able to bear it away, and so the soil loses 
many things that are necessary for plants. Now the crops 
HJUtjanty mach ot the rarer kiada oi sMJostawmaa 'Qpaii. ma 
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ufU'j'UHnry for plant-life. While soils are always gaining 
in d«;{>ih and fertility, when in their natural crop of grass 
or foreHtH, they arc always becoming less deep and less 
fertile undijr ordinary tillage. The result is that a great 
deal of the noil of the earth that once was very fertile has 
U'<rn ruiiiiiil by the; plow. A skilful agriculture, that 
tak(;H pains that the rains do not wash the soils away, nor 
the erojm take away more than the natural work of decay 
pills into a sUite for plant-food, may be maintained with 
litthj lr>HH of the? earth's fertility for thousands of years. 
In Kngland, France, and Belgium, where the soils have 
heen carefully husbanded, they yield as much to the acre 
as they did a thousand years ago or more ; but, in Amer- 
ica, the tillag(j is generally very careless, because soils are 
;li(?ap, and a ^reat deal of the land is ruined, to the perma- 
nent loss of all tlie world in this and in ages yet to come. 

It is worth while to look closely to this matter of soils, 
for on th(ini depends the future of all countries and the 
lift; of man. 

While the process of soil-making which we have de- 
scribed is the method that is followed wherever the soil is 
(jonstrufjted on solid rock, there are other and rarer methods 
followed in particular parts of the earth. Along the river 
valhjys, for instance, there is a strip of what is called 
alluvial land, which has been made by the earth brought 
down by the stream. This consists of a very deep mass 
of finely divided sand, pebbles, and mud, and in it the 
plants have no hard task of breaking up the rock, nor do 
they have to wait (ov the work of the frost, or other 
decay ; for the amount of finely divided matter is so great, 
and the layer so deep, that the plants never get to the 
bottom of it. Indeed, this matter of the alluvial lands is, 
for the most part, the soil t\iat \i"aa» V^^^xv. ^^^\i<5id. ^way 



from regions furtlier up the stream, and left here because 
' the river had more to carry (haji it could manage to bear 
along. Such soils are almost inexhaustible. Then, in the 
regions where the ice of the glacial sheet has acted, there 
are large tracts that are covered by a great thickness of 

■ sand and gravel, so that the plants never get access to the 
' bed rock, and have not to wait long for the decay to fonn 

the materials fmt of which to make a soil. These soils are 
generally less fertile than the other lands; but, beeauae 

, of the great depth of the substances of which they ai'e 
made, they rarely become less fertile than they were at 
first. Thus, the New England soils cannot be worn out as 
those of South America or Virginia, although in the fii'st 
place they were not so rich. 

We may gather up this account of s^iIs in the follow- 
ing words : Soils are the ■wi'eckage of the rocks, as they 
wear down under the action of air, rain and fi'ost. the 
roots of plants, and the stomachs of earth-worms. This 

; wearing has been going on for a very long time in the 
post, 80 that the soil now on any countiy may have grad- 

■ ually settled downwards for thousands of feet, as the 
rocks slowly rotted away and were caiTied off by the 
streams. It is a beautiful fact that the greatest work of 
ruin that the wtirld knows — the decay of the continents 
themselves— should give us the foundations on which to 

: rest ail the higher life of the world. All oiu' forests and 
prairies owe their life to this decay. All the higher ani- 
mals of the world depeud upon this plant-life, and man 
himself founds his life upon the same mass of ruin, TJms 
it is through all the life of the world: the death of one 

I thing gives life to others ; the decay of the physical world 
ia the foundation for the higher life of plant and animal. 



CHAPTER 11. 



THE MAKIXG OF BOCKS. 



LESSON I. 
CONGLOMERATE. 

TDEBBLES have been studied in the first lesson, but 
-^ we stopped our study with l^he loose pebble, as it 
lay on the river-bottom, tlie sea-shore, or where the glacier 
left it. But, as we can see from any specimen, pebbles 
may take on other shapes. They may be bound together 
so as to form rocks of a very solid sort, which are termed 
conglomerates or puddlnr /-stones^ so called because of the 
plum-like look of the pebbles in the mtoss. Tliere are 
some beds of rock in the earth's crust, of very great ex- 
tent, that are full of these ^^ebbles. One of these sets of 
rocks is known as the millstone grit, because it is often 
used for making the stones with which grain is ground. 
These millstone grits lie under the great coal-beds, whence 
comes the most of the coal used in the world. There are 
many other great sets of rocks made of the same sort of 
pebbly beds. Indeed, it seems that there are pebble-making 
times in the earth's history, when these bits of rock are 
made in such quantities that it is hard to account for their 
production. It is now believed that these pebbly ages are 
the times when glaciers are peculiarly abundant on the 
earth, for there is no other machinery that is so well fitted 
to make them. It is evident that the conglomerates ar© 
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mostly made in salt wnter; and the only way in which 
Snch vast masses of pebbles can get into suit water, is 
tlirough the iiction of glaciers. The great rivers iln not 
send pebbles into the sea. None much larger than sand 
find their way out of the Mississippi River into the Gulf 
of Mexico. The sea-shores grind up about all that they 
■eceive, so that we cannot look to them fnr the making of 
the great conglomerate beds. 

We see, from specimens of conglomerate, that the peb- 
bles are bound togethei' by a sort of cement which j 
nlly consists of sand and clay, 
the whole forming a very 
iiard mass. If we take com- 
mon pebbles, sand, and clay, 
and mingle them together, we 
do not have this solid mass. 
How, then, could this mix- 
ture have become thus hard ? 
This hardness of stones made 
out of bits that were not at '"'"■■"*■ '^''"^''' 

first boiuid together is ex]ilii.ineil in part by the pressure 
that is put upon them when they are buried in the earth, 
These rocks were once deeply buried beneath a great 
thickness of other rocks, that liave since Iteen worn away 
by the action of the frost, rivers, and the sea-waves. 
For a long time thtuisanda fif feet of beils lay on top 
of these compacted rocks, squeezing their mass more 
powerfully than we can do it by any machinery. "We 
in the making of brick or artificial stone, that press- 
ure will very much harden the mass. Then the rocks 
have generally been heated. This heating took place 
in this way : The depths of the earth are very hot. Wo 
and deep weilB that tha \ie,^^ ^gty^yh «wit 
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degree higher for about each sixty feet of depth; so thati 
if these rocks are buried under twenty thousand feet, 
or about four miles of rocks, they will lie in a tempera- 
ture of about 300^ Fahrenheit, or 88° above boiling water. 
Some of these pudding-stones have had a yet higher tem- 
perature. We see in brick-burning how the heat binds 
the mass of soft clay together. Then, in the making of 
artificial stones, it is the custom to U8e a certain amoimt 
of eitlier silicate of potash, called soluble glass^ or silicate 
of magnesia, which hardens like cement, and so binds the 
stuff together. This is imitated from the processes of the 
earth, for it is just the way in which the rocks are often 
hardened. 



.<-~w^ 




Flij. 11. Pebbles aud shell elongated by pressure (dotted lines show original 

shape). 

Sometimes we find, in the way the stones behave, proof 
that the rocks have had great heat and pressure. They 
often stretch out until, from their original egg-shape, they 
become like ribbons. At other times, the pebbles of the 
hardest rocks have been pushed into each other. When 
these pudding-stones wear away, the pebbles fall out, and 
are buried in other deposits, so that the same pebbles 
sometimes find their way out of one bed of rocks and 
into another of a later age, until at lengthy they are 
^estrojed by the grinding on some sea-beach,^;or worn 
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out in their long journey down some river, or else they 
rot to pieces. 

As a pebble grows smaller it gets better able to stand 
the wear and tear that the world gives to it. A large 
pebble strikes hard blows when it is swung by the sea or 
rolled by a river, and so wears rapidly ; but the little ones 
are less heavily beaten. Besides, it is always the very 
hardest part of a pebble that wears to the end, so the 
small bits are the best fitted to wear. The smaller a 
thing is in the battle with the waters of the earth, the 
safer it is in the fight ; for, as we have seen, sand wears 
very slowly, on account of the small size of its grains. 
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indicated in the figure 

as we ni ly find in the limetstones and clay-stoness , but, be 
sides tbebp, we have also in the baudstones what it. caltel 
"cross bedding." This is shown in Fig. 13. We see 
besides the large aeparate beds, that there are slopil^ 
divisions that run across them. If we would undei^taiii 
how tbia worka, we should wateb the sand running in 
sandy gutter of a rainy day. We shall see that tbebi 
^aand builds out at the end in aVo^vn^Wt 
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The arrow sliowa the direction of tlie current, aiid the 
letters a, h, c, d, e, the successive layers put on one after the 
other. If we should fiud a bed below, that had the cross 
lines sloping the other way, we should be sure that when 
it was formed the stream van contrary to the course of 
the one that is forming. In this way, in sandstones even 
of the oldest day, we are able to tell which way the cur- 
rents ran that brought the sanda to their place. 

These old sandstones supply a lai^e part of the sand 
tbiit wi? finil ill the rivers and on the sea-slmre. The rneks 




decay under the soil, along the rivers and on the sea-shore; 
but the grains that compose them live on and take shape 
again iu rotiks, there to rest for ages ; but again to be 
swept out by the water, and brought once more into the 
active world. 

Sandstones ai-e found over so wide a surface of the 
world because sands are so easily carried by the waters. 
Conglomeritea arc always in rather narrow strips, because 
they are genoraUy fi>rraed along the shore lines, the cur- 
rents not being able to carry the pebbles that compt 
them far to sea. 
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LESSON m. 

MUD STONES. 

We have seen that pebbles and sand both exist on the 
earth in two shapes : in one they are moving in the rivers 
and on the sea-shore in constant unrest and decay ; in the 
other they are motionless in the rocks, scarcely changing 
in millions of years. Water, which, by its motion, forms 
pebbles and sand, serves also to take them from this state 
of rest, and return them to the state of activity. The same 
thing occurs witli the finest state of rocks, called mud. Mud 
is buried in beds firmly bound together, and after a time is 
lifted into the continents and mountains, to be called from 
its r('stin<^-])l{i(H»s by the streams and frosts, or by the 
(Icicay tliat tak(is placii beneath the soil. The clay-stones 
are found over a wider field than either the sandy or 
pebbly rocks, for the reason that the currents of the sea 
can carry this fine sediment much further than it can 
sand, as they can carry sand very much further than they 
can carry pebbles. When the sand goes out of rivers or 
drifts oif from the sea-shores, it cannot travel far before it 
must come to rest on the bottom of the sea. But this 
mud can go much further. Indeed, some of it is constantly 
dropping over all the sea-floors. The volcanoes which 
are so plentiful ah)ng the shores and on the islands of the 
oceans throw out a great deal of dust, which is sometimes 
so light that it will float thousands of miles through the 
air before it falls to the ground or sea. In the sea-water 
it will fall even more slowly than in the air. It may be 
months in getting to the bottom; and, as the sea-water is 
"Iways luovingj it may be cameOL \\vows>^\\d'e» ot ixviles away 



Irom the place where it alights on tlie Hm'fade, before it 
fiuda a resting-place. These volcanoes also give out a 
gieat deal of what ia called pwniee. This is atone which, 
wheii it was melted, became so full of air-bubblea that it 
woiilcl float like curk. Thia pumice cannot get to the 
bottom until it rots, which may require tens of years. It 
does not fall all at once to the bottom, but the surface 
decays, anil falls off in fine grains that slowly sink to the 
sea-floor. Only when it is much decayed will it sink to the 
bottom. Thus, those parta of the sea-floor that are far from 
land have a little mud con- 
sttuitly coming down upon 
them. These mud deposits 
form very slowly ; an inch 
may take many years to 
build; so tliat, when we see 
a bed of Cue-grained clay- 
stone, we may generally be / / h it it f iicjxis iiou 
sure that the time taken iu its building must hive Ixen 
much greater than if it had been m-vde of sand and a bed 
of Baud or lime requii-es more time than one of pebbles ui 
its making. These beds of clay slite, not thicker than 
rocfing slate, may have required many years, perhipa a 
eentury, in their formation. This m^y give a meaiiure of 
geological time. When we remember that theie are many 
sheets of clay slate that are thousands of feet thick, wo 
may conceive how long it tooh them to be built in the old 
sea-floors where they were formed. 
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LIMESTONE. 



So &ir we have only noticed the ways by which certait 
L rocks were made by the action of water, frost, waves, and 
other causes, u|Kin the rocks that form the land. We 
have seen that through the work of the water a certain 
part of these rocks is eimstantly passing into the state ol 
sand, pebbles, or mud, and then, after a journey in the 
keeping of this water, fiiUs to the sea-lloor or to the bottom 
of lakes, to be built into rocks again. 

There is another sort of rocks we must now study, liiat 
differs very widely from those before described. These 
are the limestones, or rocks containing lime, that abound 
in every part of the earth. The rivers and the searshores, 
that show us the ways in which the other rocks are madei 
give us little clew to the origin of limestones. 



* 




le made of Shells. 



Tf we look closely at the structure of limestones, we 
that they have several different shapes. In the commoner 
kind the mass of rock consists of little grains as fine as 
mud, and mingled with them we can almost always find 
some small hits of shells, or corals; sometimes, though 
rarely, the bonea of fiahes and quadrupeda. Thifl ~ 
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usually quite solid. If we burn it, a great quantity of 
carbonic acid gas and some steam escapes, and we have 
the lime used in making mortar. If we put it in certain 
acids, the lime is dissolved, .ind there remains some clay or 
mud, just like that we find in clay-stones. 

To see the way in which these limestones are formed, 
we should go to the tropical seas of the workl, where 
the warm water holds a great deal of animal life. Most of 
the creatures living in those seas have a certain amount 
of lime built into their bodies. Sometimes this lime 
serves as a protection to the body of the animal against 
its foes, as is the case ivith all the shell-fishes or moUusks, 




Fiij. 10. limeatono Building Corals. 
or as a solid support for a community of polyps, as in the 
branched corals ; sometimes as a skeleton, to support the 
soft parts of the body, as in tlie true fishes. When death 
overtakes these creatures, their heavy skeletons fall upon 
bhe sea-floor. On this floor there is a host of animals that 
get their living by eating these remains of otlier animals. 
They bore them through and through, and finally reduce 
them to a limestone mud. Only now and then do we find 
specituena that have been well preserved ; but, if we ex- 
amine it with a microscope, we see that almost any bit 
of the limestone shows that it has been alive. 

Some of these liine-gatherjng animals grow vcr^ fesA.. 
jfster as big as a man's liand mii,y ^lo-v; \b. ^ ^ft^t «t 



two gr t maR3 o£ coral branches may bn made in a 
few J 8< th t the amount uf the lime tliat is brought 

by th m t th eearlloor is Iji aomo places very groat. 

Tl 1 ela ire among the most active in this work of 

biiil 1 jj 1 n t 9. Tlieso coral reefs are the most won- 
derful tliiugs tliat the Boas contain, rich as they are in strange 
creations. They are found in two forma : as strips along 
the shores of the contiuenta and islauds, called "fringing" 
or "barrier reefs," or as solitary islands far out in the deep 
seas, called "atols." The figures give an idea of the sh&pfr 
of these i-eefs. The corals that make them are stai^baped, 



auimala that are akin tu oiu- aea-auemonea. They 1 
in colnntea, their bodies united together resembling a hxu 
with many buds on its several stems. Each colony! 
framework of limestone, lilte thoSe 8ho\vn in the 1 
Some of these frameworks are so strong that they \ 
stand the beat of the greatest waves that the broad oceai 
hurl agauist them. Wherever the oceau sends curreatd 
of warm water against the Bhoros, these coral reefe abomtm 
On the eastern shore of Australia there is one over a tbotl 
sand miles long. In the Pacific and Indian Oceans t 
thousands of island* built by coral animals. These hw 
/teen formed around volcautc oi ofeas ^BJamda^i Ijbrt^ 
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slowly sunk do-wn into the sea, while the corals have stead- 
ily built lip towards the siir&ce. They are generally ring- 
eliaped, with a bit of still water fenced anniiid mth the 
'ridge of coral. The way in wliich these coral islands are 
formed is shown in the tigiirea. 

Each of these great coral towers of the sea is alive only 
at tlic top, and for a hundred feet or so hclow tlie water; 
but this 'crown of living corals supplies a vast amount of 
limestone to the sea. T]ie waves break away branches 
from the corals, and throw them up on the beach where 
they are ground to powder. There is a strong current 
sweeping by these islands, which carries this powdered 
lime away, to deposit it far 
over the searfloors. These 
great reefs can grow only 
where there is a strong nio 
tion to the warm water; for 
tbeyneed a great deal of food, 
which they caa get only in 
the sea-water moving by their 
mouths. As it goes by, they, 
with their tentacles, snatch 

at the tiiiy creatures that fill the water, and take them 
into their mouths. This current, which -generally runs at 
the rate of two to four miles an hour, not oidy serves to 
feed these vast collections of polyps, but also to bear away 
tlie limestone mud formed on tlie shores of tlie islands 
by the beating of the sea-waves. 

These coral communities, or atols, as tliey are termed, 
are prodigiously high and steep mountains rising from the 
floor of the deep ocean. If we could drain away tlie 
waters of the Pacific Ocean, and walk over its floor, we 
L,rising like 'great towex*, "sH'viV a 
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steep that we cohUI hardly cHinb them; aiid^-on theii 
broa4:U flat tops, a shallow uiip, as is shown in the figures. 
We do not know just how many of these coral islands 
there are, but it ia Hkcly that there are over five thousand, 
and they may number ten thousand. If we include with 
them the reefe that are fixed to the shores, their coaat 
lines, if put together, would probablj' stretch for a hun- 
dred thousand miles. On all these shores the waves are 
ever heating, making clouds of line mud that stream otbi 
the seas, and fall to the bottom to make limestones. 

These coral reefs are no new things on the earth. From 
very remote ages the seas have been beating on tbeit 
shores, and taking the lime 
that they sepai-ated from tlie 
waters, and building rocka of 
it. Nor ai-e they the most 
powerful agents of inakbig 
, w MB V^H^BS liuiestones, though they are 

^^m J £( ^BS/^^ ^*^' ^'^^ ^^^ moat grand exam- 
^Bl * r J flWJ^P^ pies of the power of life in itB 
^^P work on the earth's surface. 

^" >V,,. 10. Foramiuifcr.i. g^^^^^ ^j^^^^ ^^^^^ ^^^^ ^^ ^j. 

I make the most of the lime deposits. The greater part of 

I the limeatone making is done by the smallest and simplest 

I forms of life, that live scattered tlirough the sea-water, or 

on the floors of the oceans. Of these creatures there is 

an amazing variety. Thousands of sjiecies contribute to 

the work, each hy giving its particular form of body to 

make up the mass of the sediment that comes direct to 

, the sea-floor and makes limestones. Tlie moat effective of 

these limestone makers ai'e certain very simple animals, 

»!alled " foraminifera." These creatures are, as far as o«r 

i of knowing gn, mete \j\ta qI 




without mouths, stomachs, or any senses ; biit tliey forri 
about tbem beautiful shells of lime, showing that the;, 
are really fa.r more complicated than they appear. Thes*' 
Eoramiiiifera live iii myriads in the sea-water, ft-nm pole to 
[lole, and wlien they die, their shells fall lite little flakes 
of snow down on to the sea-floor in a slow shower that has 
probably- never ceased since the earliest ages. 

On the sea-floor there ai'o many otiter foi-ms that make 
a great deal of hine Theie are small solitary corals, like 
those shown in the figures and sometimes fields of crinoids, 
standing like tall gi un with branching heads tangled to- 
gether. All these ind miny mure sheUa, corals, etc., 
kinds that caimotbe iiotited 
here, make up the multitu- 
dinous life of the sea-tloor. 
They all give something to 
the great work of making 
rocks. All the wliile this lime 
is heaping upon the sea-flu<jr, 
there is a steady rain of mud 
upon it, some floating out 
' from the rivers, some sent to ^'I'l/. ^o. BaciiciarSa. 

the sea from ttie volcanoes. This mingles with the lime, 
and makes the clay wliich we find even in the finest lime- 
stones. If the lime gathers slowly, the clay will be per- 
haps the larger part of the rock; if the lime gathers fast, 
the clay will be a smaller part of the whole, so making 
anything from pure clay to pure limestone. 

Of all the rocks we see on the surface of the earth, the 
limestones fiirm not less than one-sixth part ; so the work 
of animal life, in building the earth's crust, is to be com- 
pare d witli the work of rivers or the sea-shores. 
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about in their appearance hy the action of heat : they are 
turned into marble. Marble is crystallized limestone. 
Heat, which often finds its way into rocks, and water that 
is always in them, cause this change. When it turns to 
marble, the limestone no longer shows the fossils we com- 
monly see in it. They have all been dissolved and made 
over in the process of crystallizing. 

With so much lime always going into the frames of 
animals, and at their death on to the searfloor, the water 
of the oceans would soon become too poor in this sub- 
stance to sustain the life it holds, but for the means that 
are arranged for its supply. This continuous supply is 
accomplished in the following way : Every drop of water 
that falls on the lands has a certain power of dissolving 
lime. When this water goes through the earth, it takes 
up from the decaying plants a certain amount of a gas they 
give off, called " carbonic dioxide." This is the gas used 
in making soda water, and is what gives the suffocating 
power to burning charcoal. The earth holds a great deal 
of it, as we can see in the case of wells that often fill with 
" bad air," which is this gas. Water eagerly sucks in this 
gas; and, when charged with it, can easily dissolve the 
hardest limestone, as it dissolves sugar or alum, and many 
other substances. We often see this lime gathering around 
the places Avhere springs come out of the earth. Their water 
will often encrust anything put into it with a thick coating 
of lime. In this way the springs bring to the rivers a vast 
quantity of lime, which constantly restores to the sea the 
element that the animals fix in the limestone beds. As this 
lime is completely dissolved in the water, it does not set- 
tle to the bottom, but remains floating about in the sea, 
until it is taken out by the living creatures that require it 
^o make their skeletons. Ixi t\vQ ^o\xx^^ vit ^•^^^ this lime, 
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now being laid down on the sea-floor, may he lifted up 
iintil it is above tlie level of the sea, where it in turn will 
be dissolved by the rain-water, and borne back to the deep. 

We see at once how great the elianges of the earth 
must be, to have lifted to our mountain tops these lime- 
stones that are now furnishing the lime that goes into the 
ocean ; and we know that we may look forward to even as 
great changes in the time to come, when lifnestonea now 
building on the searfloor shall he raised to the tops of 
mountains that have not yet begun to form. 

It is not until we eome to study our soils that we know 
how much we owe to these little creatures that have sepa- 
rated the lime fnim the water. Wherever we find lime- 
stone rocks, there we have soils of rare fertility; for the 
reason that lime is a very essential thing to most of our 
crops, especially to grain, and because the same creatures 
that take out lime from the sea-water separate several 
other things that serve to enrich soils. The most impor- 
tant of these is phosphorus. This is the substance we 
know so well in lueifer matclies ; but it has a very great 
use when combmed with lime, as it enters into the bones 
and bodies of all the higher animals ; without it man could 
not live. 

The fact is, the rain-water that passes through the soil 
takes out of it something of all the substances that the 
earth contains, and takes them to the sea ; and the river 
waters are in this way constantly carrying a little of all our 
metalB to the oceans. From the sea, the animals and sea- 
weeds take these substances, and build them into rocks 
upon the sea-floor. Some of these rocks we see have been 
lifted upon the dry land, and these substances are again 
carried back by the rain-waters to the sea. So the particles 
move in an eternal circle from the sea-ftooT \jo ^6'WA..,«»&. 
thence buck to thu oeeaii. ^^H 
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r o A I* 

I mi; n^xf f:]iii]}U:r that we shall stud v in the historv of 

f mm 

' fi" ro' k--. r'.rHif:f;riiH coal. Wc have just seen that the ocean 
l»l/. li'.th |il;i;il and animal, is oonstantly doing a great 
'.'.I I' in Ml*' Ijnilrljn'f of tin- rrx-ks. In coal we have a like 
''.rl' 'l'>rif' l»y I'hints ujion the land. LfNiking at e«'kal with 
Ml/ mi' f '.. •.!•/. |.<', w<- iinti that it always consists of a hlack 
rM.r- ■■. ol v :^'tiil)l<- Mijitlcr, ^ciirTally nithcr liard and shining. 
I'lufliM ..tu<lv -lifivvs urt that there are various kinds of 
f'f.\], whi'Ii \.\in/f :ill tin* wjiy from soft peat, that we may 
f.n'l in ;inv '.w:ini|i, through ]i<^nite, that is like peat, a 
li.M'l' r ",,i|, to hitiiniinons coal, which i.^ soft, and burns 
vjilr .1 Ion" ll.inw; or auMM-] coal, that is like it, onlvmore 
ll.inpM.", Ilicn to ;inthr;Mitc, that is yet harder, has no 
ll.iriM, ,in'l I-. to he hiirncd only with a strong draft; finally 
lo |»iirnili.i(fo, Mial is so changed that it can no longer ba 
liiiincd liy any licat that. wc. (;an readily apply to it. 

In nndcr^-.tand the history of these various kinds of 
'/iiiL \s/t- nnirit, Inr nnr lirst lesson, go to the forests and 
••It- '/.hat intiy\iti\ thrrr. JOvery plant is a contrivance for 
'i ]nun\\i\\f rarlxin IVoni the ail*. The heaves of the trees 
,ind iiii>-lM>'. (',aih('r this eariion from the air that sweeps by 
Ihcni, a-', (he I'l.rals iA' the sea gather their food from the 
oriiin. 'I hi,'. rarl)on they lind in the air in union with 
oKyj;en, I'nrniin!^ rarhonie acid gas. The oxygen they set 
free; Ihr earl)nn Ihey lix within their bodies. From the 
aoil they lake water, and a little of various substances, — 
IMitash, soda, lime, etcr. ; but, of these solid substances, 
they take only somewhere about the fiftieth part of their 



gbt. If we cut down a forest, and hum it, the pait 
;3 away in flame and smoke came from the air ; 
only the ashes came from the ground. When the trees die 
and fall to the ground, or when their leaves and branches 
fall, they do slowly what we do quickly by burning, —they 
give their carbon back, to its union with oxygen, and in 
this form it again becomes invisible in the air. In an or- 
dinary forest this process is always going on. The old 
trees, as well as their branches antl leaves, which are con- 
stantly tumbling down, fall into the tangle of decaying 
matter that makes the forest-bed, and then rot, or, in 
fact, slowly burn, leaving only their asSies. Usually this 
goes on for ages. The living 
roots are below, the living 
trunks, branches, and leaves 
above, and between them 
this layer of decayed mat- 
ter, where the dead parts 
are token back into dust, or 
given to the air by decay. 
We know that tlio oldest 
forest-tree lives, perhaps, a 
thousand years ; many of 
them take but four genera- '"^"■^i- B.x;k»,8Qi>^oii,a,.,iMuu],i. 
tinns in two thouaaTid yeai's, so that S(*rae ti'ces now living 
may be only the gnmd-cbildren of those that lived when 
Christ was born. Yet we Icnow enough of our forests, tfi 
say that, in many of them, time enough for five or ten 
thousand such generations to live and die has gone by 
Bipce they began to be, yet the decayed forest-bed is at 
t only a foot or two thick. 
If all the trunks, leaves, and branches that have decayed 
; forests could have been. \««;«A. "o.-^ "osAsr 
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cayed in a solid mass, we should liave beds of wood thon- 
Bauds of feet thii;k where we now find only a few inches 
of black luimld. But, in place of staying in the shape thej 
have when they fall, all those parts of trees by decay give 
their carbon back to the air, whence it returns again aod 
again to the plants. 

It is interesting to consider that the same little particle 
of carbon now drifting about in the moving air, may at one 
time be fixed in the branches of a tropical palm, and then 
rest awhile in a lichen that grows nearer the pole than man 
lias ever been. It may next grow ulutie to the perpetnal 
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snow of the Alps, to pjiss, wlien death sets it free, to some 
seaweed rooted in the caverns beneath an ocean cliff. 

This is the state of the dry forests. If there is a very 
wet forest-bed, into which the -ieaves and branches fell, 
they do not rot, bnt are preserved in the water. Wood 
will rot when it is pai'tly wet, or at times wet, and again 
dry ; biit, if it be buried in water, it rots only in part, ahd 
not altogether. The most of its substance stays in it, be- 
comijig blackened and softened, aa. we see the vegetable 
matter of swamps, called " peat." In any swamp we can 
generally find a great depth of this black, half-decayed 
wood J but in these swamps our ordinary trees will 
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grow ; it is only amall plants a tnl iiioases that flourish there. 
Yet, even these httle iilants can make very thick masses 
of peaty matter. 

All the northern countries have very great and deep 
boga of this kind. Sometimes the mass ia ten, twenty, 
or thirty feet in ihickness. Tiiis is the first stage of 
the making of a coal-bed: a mass of woody matter kept 
from complete decay by watter, in which, however, it be- 
comes black, softened, antl matted together, uutU it is like 
a sponge. The next stjige in making coal is brought about 
in thia way. The level of the land sinlis, or, what comes to 
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peat. In this water there are currents that bring sand 
and mud fi'om the shores, and bury the peat beneath a 
thick layer of these ground-up rocks. So buried, the peat 
is pressed kigetlier by the weight of the rocka above it, 
and gradually undergoes changes that bring it nearer and 
nearer to the state of coal. If the layer of beds laid' 
down upon it is thick enough, it may become somewhat 
heated, which helps the chemical changes that need to 
go on. Coal has been artificially made by placing woody 
matter, like sawilust, under a great pressure, while it 
}. BQmewhat, but not very much, heated. II. has aUa 
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)iappene<] tliat a block of wood used for a socket of tiw 
tihaft of a water-wheel, where it was exposed to a friction 
that could cauae a little beat, was foaud, after a time, to 
have changed iiiUi a sort of coal. 

To return to our buried peat bog. If it is sufficiently 
pressed and changed by the slow agents that time brings 
into action, it« tintt shape is that of browu coal or lignite. 
This is rather more like a coal than jieat ; it burns with a 
livelier Daiue and is more solid. It is still of a rather 
browu than black color, anil is never so heitvy as coaL 
A furtljcr step of change prtxluces the form known as 
bitummous coal. ^Iii this titat« tlic woody matter, still 
further changed, often breaks into blocks with shining 
faces. In the fire it partly melts like wax, and it burns 
with a long, yellowish-white flame. There are maxiy varie- 
ties of it in this stage of its change, among which catmel 
ot candle coal, bo called because it burns with so long 
and steadfast a flume, is the most cona]iicuous. This can- 
iiol coal is made from the tine vegetable mud that is Iwd 
down on the bottoms of the lakes in the swamps. We 
can see it forming in such places at the present day. 
Cannel coal does not have the same appearance as the 
other bituminous coal. It breaks in a more irregular way, 
and can be polished like black marble. 

Still further change, brought about by heat and pres- 
sure, nutkes what is called anthracite coal. This is much 
harder than the other sorts of coal, and burns with very 
little or no flame. This is because all the matter that can 
form gas has been driven nut of the coal, leaving only the 
oarbnn, eo that it is hke coke or charcoal in its nature. 
Wo notice that anthracite is very hard to burn ; it will not 
take fliv unloHB in a good draft of air. Some varieties of 
ItwUi not bum exoupt in close stoves ; sometimes we 
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I a, part of the berl that cannot be bunieil at all. Still 
ii further on in the change, we come to the stniu^c sub- 
stance called graphite or plumhago. This is the soft 
material commonly known as black lead. It is used for 
1 making pencils, for which its softness and blackness fits 
I it; but larger quantities are used for making what are 
called crucibles. These are pots for melting substancea 
that require a very great heat, such as steel. Indeed, this 
I graphite is able to stand a greater heat than fire-brick or 
I any stone. Yet it is only carbon, exactly like that of coal, 
I that, in some way unknown to us, but through tlie action 
;' of heat itself, has become incapable of being burned by 
1 any heat we can ordinarily apply to it. 

In the coal field near Richmond, Va., we can see ex- 
actly how the heat can change coal. Above one of the 
coal beds there is a thin sheet of lava, which flowed there 
after the coal was formed. There is a layer of several 
feet of sandstone between the coal and the lava, yet the 
j lava, having been as hot as molten iron, has so baked the 
I coal that it is changed into a sort of anthrAcite, In eer- 
I tain places, where the lava did not reach, the coal is of 
the ordinary bituminous kind. 

Thus, in this wonderful coal series, we pass from the 

living plant through a sueceasitm of changes, tliat fii'st 

I give ua the various sorts of burnable coals, and finally 

■ thia most peculiar anbstance, graphite. 

• This making of coal has been going on throughout all 

the great ages of the earth's history, but there were times 

when a great deal, and other timps when very little, was 

1 made. In that age of the earth's histoi-y known as the 

! carboniferous or coal period, because of the extensive coal 

Bthat were then deposited, the air of the earth waa 
bly damper than now, and the \\"\ntet'% cslv.&. 
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enoiigli to kill delicate plants, even close to the poles- 
Then tlie forests liail none of our common trees, such as 
oaks, beeches, maples ; none of the plants we see in our 
woo<l3 to-Jiiy existed, but in tlieir place a quantity of otheTs, 
like our club mosses and our ferns, but growing to the 
size of small trees. These plants could grow with their 
roots all the time in the water, which our modern ti'ees, 
with the exception of the swamp cypress and mangroveB, 
cannot do. Bssides this, tlieir tangled roots and close-set 
stems made a sponge that held water ; and so the swamps of 
the coal period grew even on hillsides, when they were not. 
steep, aH well a» on plains. They made peaty matter tJiat 
would turn into coal wJien buried. As if to make every- 
thing as it should be for the formation of coal, the lauds 
or the aeon in those days were very unsteady. The level 
of the oceans was often changed, so that a great part of 
the continents was often lifted above aud bui'ied beneath 
the seas. Thus to these beds we look for the greater 
part of the coal that is burued in Europe and America, 

If we examine a coal seam, we can always find the bed 
. of earth in which the plants grew ; above that the bed of 
.coal ; and, above all, the beds formed ujion the swampi-j 
sunk beneath the water. These beds are arranged on&l 
above the other, so that in some countries there are a^ 
many as a hundred coal-beds in a thickness of lus.s IhanJ 
five thousand feet of strata. I 

Next to the present soil of th>j earth, these old buried I 
swamps of the earth are of all tlie earth's resourceii thai 
most important foi' man's wtilfaro. While the present Biu^ij 
faces give him food, tliose old bniied lands give him head 
and power, which he turns into infinitely varied uses. I 

Let us coijsidei' a moment what, this heat and pomn 
Ippg from. Wboa td—tS' ffittfffuftffjf &a 'tf* ^O'WftMiMSftiM 
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■ore warmed and lighted by the sun that sliiiies upon them 
and tlie air that wra]>s tlietn round. This force of the 
sanshiiie they store up in the substances com{iosing their 
Ixidies; when we burn their wood, or it decays in the 
mould at their feet, this force is given back at once to the 
air. When the woody matter is burled in the coal-hed, 
tlie force is kept from passing back to the air — is stored 
up in a way to he naeful to man. WheJi we burn coal, 
then we turn the buried sun power of ancient times to our 
present uses. We warm ourselves with it; we make it 
turn our mills ; and, in this manner, we have our profit out 
of the light and heat of days so far away that we cannot 
iuii^ne the years that have elapsed ainoe their Ught has 
ceased to shine and their life to exist. 

It is only in the modern times of man's history that he 
has used coal. Neither the Greeks nor Romans nor He- 
brews knew anything of it. Tts use began in England not 
more than six huu<lred years ago, and its great profit was 
firat found in the use of the steam engine. Now, the 
chance of future wealth of natiims depends upon the 
' amount of coal they Iiave beneath the ground in theli- 
territories, Although there is a little coal in most eoun- 
tiies, the really large and useful supplies seem to be 
limited t(j northern Europe, where England has the best, 
to North America, winch is ten tiuies richer than Europe, 
to Chiiiii and Australia, The best that is known is in 
North America, though the largest fields are in Cliiua. 
Houth America and Africa appear to have hut little. The 
countries about the Mediterranean, ouce the richest and 
most powerful in the world, cannot regain their ancient 
place among nations because they have in their lands 
scarcely any store of this buried sunshine. 

Ke bow the most remote 6N6u\%s 
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bwtory ntay come to aSecC the well-beuig of man, deter- 
miniDg the streogib of peoples and the aeu£ of uttioniJ 
power. The fact that the Euglbh-speakii^ peoples bold 
the best enppbes of coal, makes it certaio that their eUtet 
are to bare the commercial empire of the earth. 

Besidea the vork of etc^ng up cool, plants and animals, 
vheo buried in ibe rocks, maj famish by their slow 
decay fbe sabstAnce called p^troiettm. This substance 
is formed by a slow chemical chjiitge in the bodies of 
creatures buried in the rocks. The^e changes then form 
not only petroleum but a great deal of gas, eu that, when 
we bore a hole into the rocks where it lias foruied, the 
Will drive the oil out with great force. Most all our rocks 
containing fossil animals or plants make some uf this oil, 
but it is generally pressed out by the gas as fast as it 
forma; but when there is a conlimious sheet of a very 
dense, imjHjrvioua rock, such as clay slate, above them, 
the oil is retained until it accumulates in a large quantity, 
HO tliat a well may throw out two or three thousand bar- 
rels a day whenever the rock in which the oil lies is bored 
into. 

Many parts of the world have furnished enough of tliia 
coal oil to make its gathering profitable. For centuries 
it has been gathered in India and Japan by means of 
nion wells. But the great source of supply is in wester^ 
Pennsylvania and West Virginia; and there, small bored 
wells, a few inches in diameter, are used to get to the 
buried store. When the oil is struck, it often blows the 
boring-rud to the height of several hundred feet into 
the air; sometimes this fomitaiu catches fire and stirewa 
destruction about it. 

Besidea these forms of buried force, laid down in &e 
^arih by animal and plant IHe, ttiete aie laauy degoiffl 
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clay shale that are full of organic matter, from wliich 
coal oil can be distilled ; but, as it is not so cheap as tliat 
from the flowing wells, they have not been used since the 
flowing wells were found. One of these beds of clay 
shale, in the valley of the Ohio, extends over a region 
over one hundred thousand square miles in area, and 
averages over one hundred feet thick. As it contains 
about one-seventh of its bulk of substances that can be 
distilled into coal oil, it is equal to a lake of oil three 
times as large as Lake Superior, having the depth of 
about fifteen feet. 

In these oil-bearing clay shales there is a store of heat 
and light-giving materials that will serve the uses of man 
after he has used up all the coal of the world. 
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LESSON I. 
THE AIR. 

1 1 ri'l have iilnjady beheld some of those things of Uie 
^^ i'/Avih that we can grasp ^vith our hauds and ex- 
am ine in various oilier tangible ways, but we now turn to 
that wuvA'A'W kingdom of the air, which more or less affects 
all iliat rxjcnrs upon the surface of the earth. The air, 
tlioiigli invirtibl<;, is much like the watery ocean; it is 
niad<t up of on<} constant fluid or gas called nitrogen^ 
in wirhjii an} mingled smaller quantities of certain other 
gaH<;H, of which tli(i most important are oxygen, the vapor 
of wafer, and carbonic dioxide, or the gas that oxygen 
and carbon commonly make when they unite. Because ^ 
the air lets the light freely through its substance, we do 
not (jasily h(;(; it; but when we look at distant mountains 
in thii ch;ar daylight, they usually look blue, and this 
sky or mountain blue is the color of air. This great 
ocijan of the air wraps the whole world about. It is 
<l(?nH(!st at the surfa(;c, and grows thinner as we rise above 
th(} earth, until, at about fifty miles of height, it is so 
thin that it cannot well be called air at all; but thereis 
no delinite upper limit to the air, — it grows thinner and 
thinner, until it become space or ether. There are good 
reasons for believing that thi^ a\T \s, ^iOTOL^^^^v^ ot vwamner- 
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aljly small particles, all flanciiig to and fro with a great 
epeed. These atoms ai'e so small that if we should take 
■the smallest bit we can see, its bulk would contain mil- 
lions of these little dancing bodies. They move so swiftly 
^liat they would soon wtu'k away from the earth, but that 
they are all held down to the surface by its attraction. 
Between these atoms there is supposed to lie the yet 
pnialler grains of the matter called ether, which is not 
pittractcd by the earth, and so is uo thicker at the earth's 
purface than in the furthest spaces between the stars. 
rThis nmze of dancing particles constitutes our air. It 
Would be interesting to trace all that is known of their 
strange ways, for, though they are invisible, we know 
much about them ; but we are to look now only at the 
manner in which the air us a whole behaves. 

First, we see that the particles of air are veiy easily 

;moved. Swing the hand to and fro, and we perceive 

that we can just feel them, they slip so easily by. When 

Inoved by a strong wind, we feel them press upon us. 

Next, we notice that when heated this air nees. Look at 

Ibe column of smoke over a chimney : it goes up because 

It is heated. Make a little smoke over a stove, and see 

how it flies to the ceiling. So we perceive that a little 

difference in heat seta the air moving upwards. Blow the 

smoke against a cold winihiw-]min.', and sec how it falls ti> 

the floor. So we know the cold sends the air downwards. 

This air can take a great deal of water into its tangle of 

atoms. Moisten the finger, and move it quickly to and 

fro, Mid we feel the water evaporate, and in a few niin- 

ilea it is dry ; the water, in the form of vapor, has slipped 

inio tlie air, where it i.s unseen. Watch the rain falling, 

I iHitl We see this vapor of wafer, evaporated from sea a.nd 

^^midarniiiff back into the liignid state agam. 
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Oil tlifse nn>iH*rtii'S of tlie air, its fashion of moving up 
\viOi lirat aii«l <l«i\vii with eoM, and of taking other gases 
into its mass, ilrjit-iuls, in the mainsail the wonderful work 
it has to «ln nil the t'arth. \ 

Whrii thr sun rises liii^h in the heavens on a summer 
iiunmlay. we sit* it warms the 'air. We can imagine that 

under the equator, where the 
sun is nearly always ove^ 
head, the heat is great; while 
at the poles, where it never 
gets half-way up the dome 
of the skv, and for much of 
the year never rises, it is very 
cold. This greater heat at 
tlio ecpiator causes the whole 

Vhj/1\. I)i:i-r;inn»f Aii-rurmits. «"»!* tluit lieS in that FCgion 

to rise up tVoni the surface. To take- its place, the less- 
li(;ate(l air, from rec^ions nearer the poles, flows down 
towards the ecpiator. This causes a down-draft into the 
far nortliei'u and southern regions; and, to replace the 
descending air, there is a current far up in the atmosphere, 
l)h)wing from equator towards the poles. This is shown 
in the figure. 

If ili(} (iartli were all land or all water, this would be 
th(; only ^(jiieral movement of the air; but, as its surface 
is a great oc(?an, llecked over with many lands, this great 
currcuil, from poles to ec[uator and from equator to poles, is 
hrokcn u|), (;xce|)i on the great seas. Under the sun, the 
laiMl heals morci ra|)i(lly than the sea, and so there is gen- 
erally WW u|)-(lraft machi over all the land wlieu the sun is 
hijrii in (li(5 lieav(Mis, and the land warmer than the sea; 
while a down-draft takers ])lace over the lands if they are 
anhlrv than Uw sea. In t.\ua ma\\w^Y^?v,w^ Vs^ xiwivxvy other 



liifferences of a lesser kind, the winds are made variable," 
w tliat we cannot reckon on their movements except ii 
oettain parts of the earth. But the important fact about 
the sir is that it ia always in motion ; for such a thing as 
a perfectly still air la not known in the world. Ceaseless 
miition poaseaaea it everywhere and at all times. This fits 
tlie air for the important duty of carrying water fi'oni the 
(Has to the lands. The heat of the sun slips as easily 
jtliroiigh the air as its light, and, falling on the seaa, m 
ifariua them that they give a gooil deal of vapor to the air; 
this, \}y the motion of the air cuiTents, is borne off over 
the lands, where it falls in the shape of rain ; so tliat the 
first duty of the air ia that of a rain carrier, bringing the 
*8teF hack from the ocean to the land as fast as it flows 
out through the rivers. When we look on a stream like 
the Mississippi or the Amazon, its mighty tide rushing 
into the ocean, we may see in the heavens above the 
■channel through which the winds are constantly carrying 
UiB same waters, tirat up from the sea to the height of sev- 
eral miles, then in the sailing clouds, along through the air 
TOT, it may be, thousands of miles, to the lands where it 
Mg aa rain. This eternal circle of the waters has been 
^Tersed thoiisanda of times by every atom of water in 
wo world. On this endless journey of the watei"s de- 
pends the whole system of feeding the life of the sea and 
llnd. The land life could not live without the rain, and 
the sea life wonUl not be able to live without the rivers 
ntitigiiig hack to the ocean the things that are stored in 
the rooka of the land. So the life of all the world ia kept 
111 lieiiig by tliia oii'cuit of the waters. 

The next important work of the air is to furnish a 
filanket to keep out the outer cold. Life, as we know. 

yJiCB TFBter is CQiiatanfcLy troaeaa.. Ot^ "OBifc ' 
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ri*-. .-'.' 7/:; '. li 1* I'T liie iiir. liiis r:.»M wriuM ilesornJ 
...I,'. ;i;. i --av ■■:i T.rr >:-irtfi. '1 iiere wi.ulil t»e no iii^it 
'■v*-,'i i.'i - ].;..•:;'•;■ 'i.'i'i iiiiil'T th»? e'iuati»r, where the tern- 
f,<r.»r jr<; .•. . ..i H"-. uW In zei-* or bel«»\v it. The air J'Fo- 
!<•'■'-. r;,-r <-.i;':j i;i tiii- v^iv. Tiie heat tliat falls fD'iu the 
-'.:. 'j'>f-, *\i:*n'jh ti»»r iiir witli ea.^^. its it di.'es through a 
f..j;j'; '.f ^^la--; i^wT, -.viii.-ii it warms ilie earth, this heat it 
y. .*••'. t'l rii«- .-iiM.i'*: c.i:iii"t *^'t l»ai:k a» easily, e>i»et:ially if 
th'r ,ji; li.iv*: .-.oiiir; vii|»orof water in it, as it always has. 
'J lii . }i«-.«t. tli.ji h;is fail*'ii in tin* ihiy will not be able to go 
\f'i''k iiiU, :-.jia':<; rjuriu'^r the nit^ht, but is heM iiimn the 
«;Mt}j. '^1||J■^ l\nt air is a trap iuti» which it easily enters, 
hut, '• ".ij,*-. '.villi i|irii«;iilty. This work of blanketing the 
«-.Mtfi ;i'/.jih.-.t \\n: oiitor culd is one of the most important 
<:ll'"t-, h] i\if; air. 

Y*-X nti't\]it:v, iiMt] ono more important work of the air, 
i;. to rtNj»|;ly itxynm to animals and carbon to plants. 
I'oth tli<-,r; j^as.^ts ar(j borne on the air, but in different 
piopoifioiiK. About. oii(;-fifth the whole weight of the air 
i •, ity.\".rt-]\. hut only Jil)out one two-hundredth is carbonic 
HioxiH';, or ^r;is(;ous (jarbon. As the air goes by aniuiiils 
afi^l plant '., tlirjy lako what they need of these gases. The 
animal t.ak's ilu*. oxy.L^eii by its breathing organs, and gives 
\i:ii'M to tlu; air (;arl)oni(; dioxide. The plant takes this 
rjiibon anri oxyj^rjii (jombino*!, separates the two, and gives 
ha<;l< t.hr? oxygon to Ixj carried until it is needed by ani- 
mal,. Mveii ill tluj s(;a, every plant gets its carbon from 
t.hii^ j^iH, whi<;li is mingl(;d in the water; and every animal 
breat.Jiiis by taking the? air that is always similarly mingled 
the oceans, if wc boil some water^ and then put a 
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fish or any other water aniTiiai in it, it will (lie ; for boiling 
drives out the air that is in water. If we pour the boiled 
water from one vessel to another for a few times, the air 
■will be again entangled in it, and the creatures will be 
able to breathe. 

Thus we see tJiat the universal wrap of air that the 
earth has about it serves as a gi-eat medium of exchange 
in the work of the world. Into it, after death, the ani- 
mals and plants cast the store of materials wliieh they 
took from it while alive. If they decay on the surface of 
the earth, they quickly give it Lack ; if they ai-e buried as 
fossils, tliese substances taken from the air may be con- 
verted to coal or petroleum ; and only after a long time 
return to the great storehouse of the air, to be ready for 
the use of other living things. 

In this way, from thr ancient ages, tiie air has always 
been ready to lend the things that make up the largest 
part of animals and plants, taking them back in time for 
the use of other creatures. As the great agent of trans- 
portation, the water carrier, llie heat carrier that brings 
the sinews of life to every creature of the land, the air has 
given lo everything that has ever lived the fii^st condition 
of its existence. 

We have only touched on the principal duties of the 
air, but we have seeu enough to show us that this scarcely 
visible element, that seems to be the merest thing of 
chance, has moat important duties in the work of the 
world, and does them with wonderful perfection. 
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LESSON II. 
THE WOUK OP WATER 



The greater ocean of the air wraps tlie whole worlt 

alioiit. The other great fluid, water, covers only abou 
thi-eeqimrters of the surface. Though the oceans Br) 
Rmiiller in size ami leas deep than the air, they weigl 
mure tlian all tlic atmosphere. At inost, air presses wiU 
a weight of only foiirteeo pounds to the square inch ; 
in the deeper seas the water presses witli a weight of lial 
as many tons on an equal siu-faee. These two uiohUi 
parts of the earth, the gaseous air and the fluid watei 
rule the earth's surface. Almost everything that happen 
here is due in some degree to their work. 

Let us eonaider how water does its work. We havi 
already seen a good part of tiiia work in tracing the hiB 
tory of pebbles, sand, mud, etc., so what we have now I 
do is to show the work done by water that does not api 
pear in the history of those things. 

Foremost of all its work, we must place the power 
water to dissolve all things. Some it takes up easily, n 
for instance, all the different sorts of salt; but all t) 
other things of the world, even the least soluble metaXi 
yield to the water aometiiing, which it conveys to ' 
seas. Wliat water cannot do of itself alone in the w« 
of dissolving, it manages to effect when it gets chaige^ 
with carbonic dioxide gas, as it does in the decaying 
mould of our forests and elsewhere. In one way i 
another, it gets even such metals as gold and silver into 
solution, though in small quantities. To this power that J 
Wfii^ea hare of disBQlving alV BobgAaaoea yn ow^tJU^jJ 
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siliility of animal itn<I vegetable life. Plants and animals 
grow and live through their circulations. Currents of 
water in the shape of sap or hlood carry numerous sub- 
stances through their forms, which are built into their 
frames- The same currents of water beai- away the waste 
or dead parts of the living structure back into the outer 
world. 

In the life of the whole earth, a."? in the life of an ani- 
mal or a plant, wat^jr is the great means of carriage. By 
its motion food is bronght to the creatures of the sea, and 
the matter thrown out by volcanoes, or brought to the aea 
by the rivers, is carried to the place where it is to be 
built into new strata on the sea-floor. 

In its lai^e work of carriage, water is charged with the 
conveying of heat from one i-egion to another. The cur- 
rents of the oceans take the hot water from the tropics to 
the poles, and the cold water of the poles to the tropica; 
and thus make tlie earth's climate far moi'e uniform than it 
wonld otherwise be. The Gulf Stream, that great current 
which flows northward in the Atlantic from the Gulf of 
Mexico, carries more warmth to the Arctic regions than 
comes to them from the sun. This circulation of water 
in the seas is nut unlike the movement of the blood in 
our own bodies, Aa blood carries food and warmth to all 
the bodily parts, so this system of the waters in the ocean 
streams, clouds, and rivers, nourishes and waiTns the whole 
life of the earth. 

There are many of these great streams of the ocean 
flowing in circling currents, warm from the tropical re- 
gions towards the poles, and cold from the polar regions 
to the tropics. But for the great stream of heat they 
carry from near the equator, the tropical countries would 
"" * " ' 3 live ill, and aW. noiftiexQ."^^^ 
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th« nmwt (if tbo IJiiUfd States would be so cold that ttiey 
would lie of little use to man. 

Chip tif I lie great works of the sea is in building the 
rockH tliiit iifturward, lifted above its surface, form the 
contitiontH. 'I'hia work is conatantly going on all over its 
ImttfJtn. Wlioii the great ocean currents sweep near the 
land, they take up a large part of the mud brought 
down liy tho rivers, and bear it far out to the ocean 
df^pliiK, where it fallB to the bottom, and is built into 
roclcH. 

AH iivor th<i oeenii bottom a host of fixed animals are 
living wliit'li iiio fed by the water and the thiugs the water 
hringH to them ; dying, the bodies of these animais are 
built Into the ro{;kM. Floating wood and seaweed rot and 



CoHt Sheir iiiiulo by tha Tide. 



Ilk to the bottom to mingle 
of auimals, the whole l 



hriiiinir wat.pMiigged ; Uii/n 
Willi I he mud and tlitt rt^iiuii 
built intd rin-]iH. 

Along the nhufc. Ilm wiivoa and tlie tide are continually 
taking a part of the mud out into the sea, aud making 
new stratilied rooks of them. All along the shores 
uf the oontinente there is a submarine shelf of this 
wuHte that the tide and waves have borne away, which 
1 a flhallow bult uf waters near the shore. Along 
iJiltunj u£ the Umted'States this shelf has 
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Thus, while the sea is continually destroying the land 
by its waves and tides, or by the water it sends as rain, 
it is always building them back into rocks again, — rocks 
which may in time, perhaps, be lifted into new lands. 
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Ip we look closely at aay very old and much changed 
rocks, we shall liiid that they liavc beeit tUvided by giislios 
tliat cross tlie hedding, and that these gashes are filled 
with various stones, soiuetiiiiea containing metals, as gold, 
ailver, copjier, etc. It is from these veins that come our 
supplies of all the metals used in our arte except iron, so 
they are of a pi-actical as well as a scientific interest. 

The first question we ask ourselves is how the crevices 
that hold the veins came to be formed, and theu how the 
minerals that fill them came into their places. 




fill. no. Oniinary Fault ; uumbeTs Khuw bcilri iTij^nvilly nmlintious. 

Voina are formed in crevices that open in the rocks. 

They are due Ui different causes. Sometimes they are the 

nisiilt of a shrinking of the rocks, something like that 

wliieh takcB phvce in drying clay; at other times the 

rooka having been pushed from the sides, were forced to 

Mftk into large fragments, and pieces slipped over each 

i. in Fig. 27. 

ibese breaks arc {ovmQd1i\\e^f leave a^ot 
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tlie roeks wliicli is never very wide but iiiiij' ho very deep. 
This crevice is sometimes ten thousand feet or more 
from top to bottom, and not more than a few feet from 
side to side. Some parts of its walls generally rest against 
each other, there being at times only a rambling crevice 
tliat a mouse could hardly creep through. 

We have now to notice again that some of the sea-water 
is prisoned in the rocks when they are maile, and so is 
often buried to great depths beneath the surface. When 
deeply buried, this water is very much heated by the heat 
that exists iu the depths of the eartli. When such a rent 
is made in the rocks, these deep ivaters find a path to 
the surface. It also happens 
that some of the rain-water 
that fitUs on the earth ofleii 
finds ita way to gi'eat depths. 
When in the depths, it he- 
comes heated, and gets thereby 
great power of dis-solviiig 
-various sirbstances. We all 
know that water will dissolve 
more of all the substances ^^•"■-^- i^i";.™" ot ^ n<.t Spring. 
that it takes into solution when hot than when cold. 
After a time this water is urged towards the surface, and 
generally creeps up along with some of the water that was 
buried in the rocks when they were laid down on the sea- 
floor. 

This mixture of rain and sea-wator, by means of its 

salt, its high heat, and the presence in it of various gases, 

dissolves a portion of all the substances it touches; and 

I 80, when it starts iigain for the surface, it has a great load 

I of various minerals in its keeping. The easiest way for 

kj^K^rel^^^^g flm"faee is UiTriHgU juai aut ^ Y^\fe Kfii-S 




rnck » have bwn (tseribeit When it starts npwaid, it 
ia at a l>eat that maj be verr much aboTe the bciiUng 
poinl of vat^r. lu a fthallnw n|«u reasel, water boils 
at the heat of 212' F^ bat if we made the sides of ihe 
kettle a tnile high, we ahoold bare to raise the heat of the 
WMter at the Itotlum m a high poJDt before the water 
would boil. In many cases, when the water slaits ujj 
towards the surface, it has more than a mile of water 
above it, and so it can have a very high temperalare. — a 
thousand degrees or more. Water at the temperature «( 
a tliomtiind degrees cut« maiij stones like an acid, and 
can liiild a wonderful amount of matter in solution. As 
it erL-cpB up t<iwiir<l the snrfiice, it grows cooler, and has to 
[lart with a portion of itsbui^ 
den. This is done by layii^ 
down certsiin minerals or met- 
als on the sides of the crack 
through whiuh it flows. After 
a time, the waters becoming 
cooler, another substance may 
be laid down, and so on, until 
the way for the water is quite 
^ ii blocked up. To this way the 
n a croas-eutting like the figure. 
ines out on tlic ground level, appears 
iig I li H nie many thousands of these now 
HI I null may be nwking a lode or vein like 
ill llii' ligURi, It is only a part of the veins 
Ic lliiil- Iiavr any metallic matter in them. In 
tlii^ water may not liave been hot enough to 
iiilvc l:ln' nii'liils; or tli^ri' may not have been any in 
Lnmkit Uirmi^th wliicii it passt-il. Geuemlly, howerv% 
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is not likely to ho great enough to pay tlio miii(;r fur hid hi^ 
*jor in getting it out. We find, when wu study hot springs, 
ample proof that this explanation of the protiess by 
vrhich veins are made is true ; gold and other metals have 
l>*3eii found in their waters, and they deposit abrmt their 

monthsjust such stonei as we g- 

often find in veins; besidei '^pt^-^, 

tliese, very hot springs die 

oflenest found in the regnn /^y~- I- 

wbich are rich in Ya,liubh 

mineral deposits. Th^ gn i 

CoaiBtock Lode, which hi 

iJrfKluced more silver thin III} L^^ 

otner in North America, iml 

more gold than any othei 

liiiie in the world, is still tin. pilhwij of hot springs 

^e miners are constantly fighting witei hot cimUj^h to 

»<alcl tlie skin. 

There are other waya in wluch deposits somewhat 
lilte veins are formed. Sometimes the hot water from 
edow, trying to lind its way 
to thesurfaee, creeps upward 
tlirough a steep sloping bed of 
Wek which is poroua enough 
t" allow the water to crawl 
tlirougl it. 

In Fig. -29 the bed A is 
*UI^)sed to lie a sandstone 
W a pudding atone through 
wlicL the water can rise ^i;/-«i. Hot si.ringL'avetns, 
slowly to the surface ; the metals will then be gathered in 
we little spaces between the atones or aaucl-grains as it is 
fiomstijiiea, alao, the watew oi \«i\. tt.\itm!gK*» 
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f\i*- . ' iirnfi To-Aaj'U !.".•• -iiif;i<*»*- t-iil out eavrs in the nxks. 
'•^j'»* ' i.j..', it T/j«y l*»- iiiii»-.-t«»ri*r>; in the L-»»ur5<r uf lime, 
•.'/ti'-u »;;<• AMt*-;- ;inr 1»— - h*»t, thev mav till these eavenis 
V/iM» Hii'i'i/tl *l«'|#or»it^. .-ii*li as ^oM and silver ores. Snme 
'.<'iv '.-iIiMlil*- H»};r,siis of tliLs s<»rt havc been found in 
tl»'; IJ'//'^:;,' M'»ini tains. 

Ill \\it', rroMfiTri^rs wli^rHr tlit-re are mineral vein&,but no hot 
"]niu'/~. ;it j>n;.-»<jiit, we find proof that the veins were formed 
n lo/i;^ tinie ji;(o, j^iviii;^ time for the movement of hot 

V/iiU;l:: to (:(;aso. 

'I Im; j;ow<rrs of (l<-siru(;ti(jii go always hand in hand with 
tin* |»ow<r,sr,r roust rn(;ti(Mi. Tliost* veins are n<»t long formed 




f''n/. ;u. Wi'Mi'iii}', «lo\Mi oH L:ni<i; <l<>tt(Ml lines show ancient surface. 

Im'Iui'p llirv iM'jxiu (<> W(»{ir away under the action of rain, 
IVomI, or j';liK'iers. If (he villus hold gold or platinum, these 
iiielnlii heiii)^ lieavv and hard to dissolve or rust, they are 
ol'leii round leathered in tlie beds of the streams mixed 
with {\u> grav(»l and sand; hut all tlie other metals are 
iMisilv rusted, /.r.,eond)i!u*d witlu^xygen, in which state they 
may Im» dissolvtMJ in tht* water and washed away to the sea: 
Mveu tht» ^».*»ld and phitinum gradually go into the water, 
uiid art* home ti> tl^e sea ; ouee in the sea-water they stay 
horo for u long time. When the . sea-water evaporates, 
MV liwUkln (»«nnot v\sv^ v\\^ lo vUo v^lovvds with it ; the only 
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way out of the water is tliroiigli thv iKulies nf :iiiitiiiils ami 
plants. These creatures eacli take a little of the many 
substances in the sea-watei", and when they die and decay, 
leave this little locked up in the mud on the sea-Hoor into 
which their remains pass. This mud is slowly changed to 
rock, and in time may be lifted into the air again. These 
rocks have veins formed in them again ; the metals may 
tie once more gathered into the crevices, and again worn 
away by the livera and carried to the sea. 

This is another of the circles of change through which 
water leads the things of the earth. And here, as in many 
others, life haa a share in the work. Every paitiele of 
gold we see may have been several times through this alow 
journey from the searwater to the living being ; tlience to 
the sea mud ; tlience, in turn, to compacted stone ; then 
to the vein ; and, finally, by way of the mountain streams, 
baok to the sea. 

Only a very small part of the gold, silvi^r, tin, lead, or 
other metals that get into the rocks finds its way into veins ; 
by far the larger part is never so gathered together in veins, 
but stays in the scattered form in the rocks, and goes back 
to the sea when they are worn away. 

There is another way in wiiicli these fractures are some- 
times filled. In place of various mineral substances de- 
posited by water, the crevice becomes charged with molten 
rock, — ^lava, as it is commonly called, — -which is crowded 
into the space. When filled witli this substance, its forms 
are no longer known as yeins ; they are termed trap dykes. 
It often happens that we find a ti'ap dyke and a vein close 
together; but in the lava itself we rarely find any valuable 
ores in a shape to be mined. It is not quite certain just 
how these trap dykes are formed, but this is probably their 
^^e^the crevice forma, by ttie \i\ea!B]«\^ 



Ill' iUo rcokii, it iiiiiy extoml dnwri iutii tlie L'iuUi to a • 
yrcatur or ivM (loj)l.li. If it ffi very deep, it may fiiiil iM 
way to II purt where thu ruck in beaLi!il ho ]iot thiit it eai 
Jlijw liko iiiullo)! loiitl or iron. This lava is squuezed uj 
irttu tho crack. The presHure that (lrivc« it up prubablj 
KOiiiHs from the Hk'ain that all the deep rocks seem to hold 
Thin dUiam in held in by the rocks tliat lie above it, wfaid 
close it in like the ftheet irun of a steam-boiler. As mo 
ae a creviee in tmule above thiu steam, it drives the moltfl 
ruck up into it. (iimorally these trap dykes are muol 
wider tlian most mineral veins. They may also rui 




idlykM, 



deojier into the cruat of the eiirtli. In some rt'gions thejL 
are exceedingly plentiful, there being one every few f 
of distance as wu go across the surface. We genen 
can see tliat the dyke stone has been very niucli heat* 
for it has baked the walls uf tlie crevices. At other ttlH 
we find pieces of stone torn from the sides of the ere 
with sharp edgea in the trap; showing that it Wits not h 
enough Ui melt them. 

These dykes come into close relation with the volcanioj 
lavas, the oidy important difference being that the voloj 
lavas are thrown out into the open air, while these t 
trare fornted far boiieatli tUe aiufaioe, audwe tliurtif 
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erally much the most solid. We shall see more of these 
lavas when we come to study their behavior in volcanoes. 
It is only because they are often connected with mineral 
veins that they are touched upon here. 

We have now seen that underground water often makes 
deposits of precious metals in crevices. We will now turn 
to the action of water in its rarer but even more interest- 
ing form of working, when it makes caves such as the 
.Mammoth Cave in Kentucky. 
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LESSON IV. 
COURSE OF WATER UNDERGROUND. 

The greater part of tlie work done by water is done 
above the ground ; but there are certain peculiar effects 
it has, when it works below the surface, that have much 
interest for us. Some of these we have noticed in the 
history of mineral veins. There are, however, many other 
peculiar results that are of a very dififerent character. 

When water falls as rain, a part of it flows at once away 
to the streams, and a part penetrates into the earth. That 
which goes below the surface creeps slowly through the earth 
until it is either sucked up by the plants or escapes into 
the springs. This underground water that is going towards 
the springs generally cuts for itself little imperfect chan- 
nels, by dissolving away the soil so as to make a natural 
drain, which we imitate when we put pipes under a field 
for drainage. But these springs that do not have their 
channels below the level of the soil are always very small, 
and last only during wet weather. When we find a spring 
with a strong stream of water, we may be sure that it 
comes out of the earth from below the level of the soil 
after a journey through the underlying rock. The ques- 
tion arises, how does it manage to make a passage through 
this rock? These rock passages of the underground 
waters are sometimes among the most wonderful of the 
works that water makes. If the rock be one that water 
cannot easily dissolve, such as sandstone, claystone, pud- 
ding stone, granite, etc., the only chance for water to 
make springs is to get deep into it through some rift or 
break in the mass of rock. T\\^'$>fe ^^^ tvq\» <^%kb. feund. 
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The result is, tliat such springs are rarely found in reyions 
ujiderlaid by rocks of tliis sort. The most of the surface 
of New Eitglaml, for instance, is aiuiust destitute of good 
springs because it is generally underlaid by vtiry hard 
rocks. Wlien, hnwevei', tlie umiei'lyiug roek is limestone, 
we generally have very many large rock s^iringa that carve 
out for tliemaelves great undei^round ubaunels called cav- 
erns. Tiiese caverns are of vnvy different sizes, sometimes 
being small tiibe-lilie openings that are hardly large 
enough for tiie swollen waters in times of ruin. These 
occur wheu the limestone rocks are bedded with strata, 




Fiff. Xf. Seetiiiu tluuugli Cuvu 
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[ like clay^tones between, that are not to be dissolved by 
I the water. Wiien, however, the beds of limestone are 
thick, and witliout these clay partings, the caverns may 
become very lai^e indeed. 

Perhaps tlie largest of these limestone caves are found 
in Kentucky, where there ia a region containing about 
eight thousand square miles of country that is completely 
honeycombed with them. Some of these, such as the 
Mammoth Cave, are so vast that we may walk for days 
often thirty iect ^^ 



autl tifly feet wide. Uudergrouuil rivere and waterfalls, 
ohamlKirs lieautifully oiiianiented with wonderfiU stala^ 
tites mid stalagraites, and a great number of aniniitla tliat 
live in the cavern iind nowhere eke, make tliese cliamben 
quite an underground world, where everything diflbra froffl 
the dayhght region. 

The way these caverns are formed can easily be seen by 
studying wliat is now going on in the country where Uieji 
occur. Tliia Kentucky cavern district liea in an elevaW, 
level region, where the rocks have never been tilted aboD.% 
but stay in much the same position aa that in which th^ 
were made on the se*-fioora, before, the coul time. WheB 
we journey over this country, we see that only the largfr 
streams appear at the surface of the ground. These 
in deep gorges, with steep eliSa on either side. The smaller 
streams do not flow on the surface. They come into titt 
main rivers through cavern mouths, that often lie beloi 
the level of the water, along these greater streams. 

The surface of the country between these rivers has n 
valleys in it, such tis have the streams in most parts a 
the earth, but is arranged in circular sliallow pits, callel 
sink hoJeH, such as are shown in figure. Of thi 
there are often several dozen in a square mile of fieldj 
All the water that runs off the surface in a rain goes iat 
these sink holes, and flows down into the earth througli 
small, ragged tube that descends from the centre of 'tt 
pit. We can often hear it in times of heavy rain na 
ning down into the depths of the earth. Siime of thea 
sink holes have large openings, so that a brave explot 
can be lowei'ed down into the undergi'ound course of til 
I .water. In this way, we can see the whole course of li 
javern making. The sink htjle is shaped aa in the figiai 
lows a aiiik ^ole ani &o Va-wex clv!i.m.beis 
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the thick beds of the limestone, which may be as much as 
three hundred feet in height, fi-om the narrow throat at 
the top to the base. The entrance from the open air is 
generally very narrow, but with various irregularities. The 
opening widens until it is sometimes as much as fifty feet 
from waU to wall. Whenever there is a strong shelf of 
roclt, there are generally level passages leading off into 
the distance towards the lower mouth of the cave. We 
may pass several of these in the descent. When we ar- 
rive at the bottom, we find a pit generally fnll of water, 
and by its side another horizontal passage leading off into 
the darkness. 

In the bottom of this vertical chamber or dome, if we 
look closely, we see many bits of flint and other hard 
atpnes. They are not a very 
striking feature of the cav- 
ern, but they are the key to 
a part of its work. We must 
now cimeeive what happens 
in wet weather, when down' 
this deep shaft the water 
rushes with very great force. 
These hard stones are then 
driven like miner's drills Fig.^. DomeofCave. 

against the rock, and they speedily cut up the soft lime^ 
' stone. The lime is easily carried away by the stream 
through the side passage. The bits of Hint themselves 
are found in the limestone rock. We can often see them 
Btieking out of the walls, and the Indians were in the 
babit of eiiming to these caves to get such flints for their 
arrow-heads. 

Entering into the side galleries that o^en o\it ni ttSa. 
■• iVmie. " iiv find that they lead of? ■hon-toivtaW^ tv>t ^x«iX 
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in the ^mit areDues of tb 
I C«Te. we can Talk thmogfa » passage as largi 
as tlw lisle «f * eatliedial ff>r four or liTe miles. Eact ol 
tiiese side |«flSBg«s or galleries gave a vay f'<r the watei 
out to the air, at th« time when the dome bad Dot cid 
deeper than dowa to the level of the floor of the particit 
lar galiety. Tlte '*dtimes^ of these caveros are sometimet 
wuDderfiiUy ^rraod. Tlte walls are sculptnretl hy wats) 
into £uitas tie likenesses of colamns. When lighted viH 
bright fires, it is hard to believe that we are not looking 
upou some su[>cruatural work, llic galleries, if less grand, 




J-'i;/. .&. I'arl ol lioUcry uuuty tUlul li; Stalitctiles. 
arR inoi-e beautiful, and in theiu are found the linest sped 
mens of those Htalaetites that are the chief ornament i 
theBo underground chamliers. 

'I'heae singular stnicturcs are of the most varied fonoi 
HoniBtiinett they ate like llowers, cliiateriiig over the eci 
ingK, and shining -u the light of the torches; again, ^ 
are liko the triinlji»f trees growing from the floor to t' 
ceiling. Sometimes they appear like fountains ; again, lik 
floulptured monuments; but always decorated with straaffl 
tracery. If we search the cavern, we can find how thea 
■tngiilur foriiiH are made. Choosing a place where the rot 
* aire to low, W6 oan sea l\ia.t ftia NJiUii Aii-wl^ trieilfl 
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through the eeiling, and falls, drop by drop, to the floor. 
This water comes slowly, each drop glistens awhile on the 
ceiling before it falls; during this time, when it is still, 
some of the carbonic dioxide gas escapes from it, and a 
part of the lime it holds is laid down on the ceiling. We 
can often see the very heginnings of a little hanging cone 
formed in this way. Gr.idually this cone grows until it 
haugs half way to the floor of the cave. Wlien the drops 
fall, they Bplash out and evaporate in the {Iry air of the 
cave, leaving the rest of their lime in a little lieap on the 
floor. This heap grows upwards towards the cone that 
builds down from the ceiling, until at length they are 
nnlted. Now tlie drops no longer fall, but ereep down 
the sides of the nnhroken column, evaporating as they 
go* leaving their lime on its aides. And so the mass of 
stalactites constantly grows larger and larger. In time 
they fill tlie whole gallery ; and in this way, after centu- 
ries, this passage of the cavern is destroyed. It is only 
when the ceiling of the cave is so close that water cannot 
trickle through it, that this process does not in course of 
time fill the whole space with stalactite. 

The bottom of these caves can never be lower than the 
neighboring river, where the underground waters are dis- 
charged. As the river cuts deeper into the rocks that 
form its bed, the dcsmes work further dijwn into the rock, 
and new aud lower galleries are formed. 

While this underground work is going on, the decay of 
the surface is going on also ; so that the uppermost galler- 
ies are slowly destroyed. Their roofs grow thin aud fall 
in, so that they are opened to the day. Now and then, 
parts of their ceilings h<dd on for a long time, and in 
this shape are called natural bridges. All these natural 
are the remains of grea,t cavetuft. ^traia A "&>& 
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finest specimens known are found in Carter County, Ksr" 
tucky, and Rockbridge County, Virginia. At this stage L 
the decay <»f a cavern, tbe ruins look like the iigure. 

Tliis wearing down of the caverns goes on for ages, ^ 
that over the place where the caves now are we ni&. 
believe there have been man 
otiier caves, perhaps hut ~ 
drt'ds of feet in the air, whea 
the ciirth once was, in tttB 
agfs before the level of t 
giound was worn down fcO 
its present position. 

To the students of naticre 
these caverns are full of i 
terest. First, they show to 
them the wonderful dissolving 
pnwer of water when it, runa 
They also contain many strange 
forms iif animal life. Some of the outside animals use 
these caves as places nf shelter. The bears that sleep 
thn>ugh the winter often re- 
sort to oaves for shelter ; and^ 
during the winter season, gre»* 
numburs of hats are found i^ 
them. These bats are oftel' 
to be seen hanging from tU* 
ceilings in great bunches, oo* 
giaspiug on the other, tbe top 
most holding to the roof. Thay 
''■''■ ''■ '''"'■■ '" ' ■^''''^- are asleeji, and for all the wit»" 

ter time hang motionless, as if dead. When the spriaf 
time comes, though tlie temperature of the air does HO"™ 
ige ia the least, they 'kno'w m a^)m.e. -wwj xI^mA ^Jwi* 
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through limestone rncki 
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time for waking lias come ; their stagnant blood begins 
again to fltiw freely, tlie lieat of their bodies returns, 
and forth they go to the open air again. 

Besides the many creatures tliat use the caverns as a 
place of occasional resort for shelter, there are many 
animals that live their whole lives in tliia perpetual dark- 
ness. There are certain fishes wliich are found there and 
nowhere else ; these species have lost not only their sight, 
but the very machinery of vision. Their eyes have dis- 
appeared, and a very delicate sense of touch in the parts 
about the hetwl takes the jjlace tif the sight^sense. The 
a thing occurs in many forms of iiisecta and crayfishes. 




Fiy. iW, Cavaru Iii8ei-ta ami Blind Fiah. 



Their eyea also disappear, anil their feelers become length- 
ened. These facte are not only curious, but they seem 
to show the close relation between the conditions in which 
an animal lives and the foiin and functions of its body. 
In this age, when naturalists are trying to flud out the laws 
that have fi.'ced the shapes and organs of living beings, 
these facta, revealefl in the underground world, are of the 
utmost importance to science. 

There are many other phenomena ef>nnected with cav- 
erns. We can notice only a few of them. If on a aura- 
I day we approach the mou.th of a cave \\ia.\i cm^a^^a 
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duwn 1)11 tlie cliffs near the atreaiu, we j)er(!eive, < 
some distance fi-oin the ciivern'H raoutli, a strong wind 
tliat ruslies out of the shadowy opening. This wind is 
often 60 strong tliat it makes the terns and buslies about 
tiie mouth sway to and fro. It is so eold thiit it seuds a 
chill through us as we step into it from the lieated sum- 
mer ail'. The hotter the out«r air, the stronger this blast 
from the cavern. In the last part of the night, when the 
outer air is cooler, the current becomes less stn mg. In win- 
ter it turns, a:nl we then find a stream of air entering the 
cavern, that runs as briskly inward on cold days as it did 
outward in hot weather. From the sink holes above ths 
cavern, which connect with the domes, we feel the air 
pouring out in a strong stream. When the day is very 
cold, we see this warmer air of the cavern, which is Bom&- 
wliat^ moist, condensed in the cold outer air, so tliat it 
looks like steam. The reason for this movement is plain,< 
In the Slimmer time, the ail' in the ciivern is much colder 
than that in the open, and, being colder, is much heavier; 
it therefore flows out at the lowest opening of the cave. 
There is then a current of warm air setting down thmi^h 
the sink lioles into the cavern. The cold rooks there sooo 
cool it, so that the blast fi-oin the moutli of the cavern ifr 
sustained. In the winter time, the cavern air is muolii 
warmer, and therefore lighter, than the open air; andnj 
the cavern gives a current upward through the sink h<^ 
while it draws in through the mouth. This la the saou 
law that rules the great circulation of the air from ihl 
equator to the poles. So vast are the interioi-s of thest 
greater caverns, such as the Mammoth Cave, that, deapiU 
these constant currents into it, the temperature constantly 
remains tlie same, there hardly ever being a degree of 
t winter and auiaiaeT. 
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It may lie interesting to the student to know some facts 
oonceriiing the use of these caverns by man. The Inilians 
evidently travelleil through mnst of them, fnr we find their 
footprints everywhere. The soft saud that fills many of the 
passages of these cavea will preserve a footprint unchanged 
for many centuries, and so we can find the tracks of a 
people that vanished from this land a century ago, the print 
of the moccixsin looking ao fresh that it might have been 
made but an hour. We also find there torches which 
they made by filling hollow canes with grease, an arrange- 
ment that makes a very good, torch. It ia evident that 
some of these caves were used in times of war as places of 
retreat, for some of the remote chambers, that a stranger 
can hardly find his way to, were evidently lived in for a 
considerable time. In one or two cases the bodies of In- 
dians have been found who liad evidently wandered away, 
while seeking to find the way ont, and were lost iu the 
labyrinth of passages. These bodies have not decayed, 
but have dried like mummies iu tlie air. Tlie Indians 
also used these caves as places of burial. Sometimes the 
bodies were only thrown in through the sink iioles; in 
this case they were probably those of enemies slain ou 
some battle-field. At other places we find the bodies 
carefully buried, with aU their trinkets and tools about 
them, with the hope that those things might serve the dead 
in the long hereafter of plentiful hunting and war tiiat 
their friends hoped for them. 

The white men, too, have found use for caves. For 
many years they were worked for the saltpetre with which 
our earth abounds. A great deal of the saltpetre used in 
making gunpowder for t!ie war with Great Britain, in 
1812-14, came from the "^ventncky caves. Of late yeara 

-its place, autV ^o^w *Ctsa taf^^sft] 



are only a little used for growing mushrooms, and storing 
various fniits ami vegetables that keep better iij a uniform, 
rather drj' air. This undei^rouml world will remain of 
use t<i man. l»y giving him a, place in wliich he can find an 
utter change from the life of the surface; a pure air. aa 
well as a weird and wonderfully beautiful scenery. 

European caves have also been of great use to the geol- 
ogist, from the fact that in them are preserved the remains 
of many animals that would otherwise be unknown to us. 
Many of these caverns are very old. Some of them have 
been in existence for the inconceivable time of a million of 
years or more. They were 
open in a day when other 
iiiiiuiivln lived than those now 
upon the earth. Some of 
these creatures used the caves 
for dwellings; others were 
swejjt into them by floods, 
or dragged in by beasts that 
preyed uimn them. These 
remains have often become 
sealed 'up beneath the stalac- 
DiiDB i^iive. jjjgg J j^jj^ form in the caves, 

and Ko have been wi:ll jireserved from decay. By a care- 
ful system of excavations it is possible for the geologist tc 
get access to these remains, and from them to infer tlie 
character of the land life in times that would otherwise be 
unknown to him. 

Euro|iL'ivn caves contain more bones than American, 
,beoauHe in the old days when they were formed hyenas and 
lokals abounded there. Thene cn^atures have the habit 
jing bones and dead bodies Viit.o caverns ; and bo the; 
I atow away the rem;uiA n'i '(\v.»\'g M\\\x\a.la which 





have ceased to live, and which woukl be iinkuuwii to us 
but tor the bones that are buried in the caverns. 

Many of the ino&t ancient remains of man, which go far 
back beyond the time of histories, have been found in the 
European caverns, mingled with the remains of animals 
that exist no longer. 

There are some rarer sorts of eaves that are not formed 
in the fashion of those in Kentucky. These are of three 
classes. The first very much resemble those of Kentucky 
in their general character and history; they are cut out 
of limestone by water, but the water is tliat of hot springs 
and not of the surface. Thia hot-spring water, ascending 
to the surface, may find limestone rooks in its path. In 
this case it generally dissolves out great clianihers. Caves 
of this character are exceedingly irregular in their form. 
There are no domes, and, unlike surface caves, they may 
be formed below the level of the river into which their 
watei-s discharge. They are not very nunierona, but 
exceedingly interesting on acc(mnt of the valuable metallic 
deposits that they often contain. Some vei-y important 
deposits of silver and gold ores occur in just such caves as 
these. The hot spring has firat carved nut the limestone, 
and then filled its space with ore. 

The rarest, yet sometimes the most ciirious caves of all, 
are formed in lava streams. The flowing lava hardens on 
the top, because the air cliills it, and makes an arch over 
the stream; then the supply of melted rock failing, the 
stream sinks down and leaves tliis arch, causing a cave 
that reaches from the base of the volcano to the top. 
Such a cave may be compared to the arches formed over 
temporary streams by the sharp cold of a frosty night 
that follows a winter thaw. The flood sinks away, and 
t the toot of ice Iianging in. tV\e aw B.\«rflsi SJoa «i>axEe» j 





^^H Wc inuy complete our account of caves by a brief de- 

^^^Boription of those made ou the sea-shorea by the beatiog irf 

the wavts. 

Wherever the coast is rocky and open to the wide vatw 
, t)io sou, ill timuti of storm, ]iurls itH waves with great poffn 

iigainst the shore. If theaC 
waves held nothing but 
tliey, despite the fury of 
blows, would not be able 
wear the hard rocka to ai 
gii'iit extent. But ia rm 
cases these waves haveiti theii 
grip pebbles, or hii^er piece) 
of stone, which they 
fiu.*i. Si-rt(a>T-;. against the cliffs. Wherflve 

then' in a sofi place in the iwks of the clifis. tlie sea aoQ 
makes n wodgc-shupod oixiniiig; into this opening U 
«t<mo.s torn from the ncigh1)oring shore are collected, i 
tiM tit» irnv-es have a constant su^j^Iy of rocky ft^pncDl 
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with which to batter the rocks. 
times cut chimnels extending now 



In this way they soiue- 
e hundreds of feet back 
fi'om the sea front. 

When the rweks of the shore liave dykes or veiiis in 
them, these deposits are often softer than the rocks on 
which they lie, and so are excavated by the sea. All 
along the shores of New England we find many of these 
furrows, commonly called chasms. When the sea-waves 
rush freely into these furrows, their spray is sometimes 
during storms forced high into the air, when the crevice 
is commonly called a spouting korn. 

These caves worn by the sea are never very Urge, and 
have none of the beauty or interest that belongs to those 
made in limeatone rocks by the waters of the laud. 







CHAPTER IV. 

THE DEPTHS OP THE EAHTB. 
LESSON L 

TOLCAXOES. 

TTTE should always bear in mind how Bmall a part ol 
" • the whole earth is really known, or we can know 
anything about. Our dee]>est niinea have never goad 
more than one seven-thousandth part of the way from tha 
surface to the centre. The upturned edges of gtratafiej 
ruuks make it possible for us to see somewhat further intt 




Slmwiiiy how Rinka are exposod. by Tiltiii.:, 

i;oiiiliiiMiiri ul Uii' iiiLeriur, fur they sometimes show usi^ockB 
that hiivu baen buried twenty thousand feet or more under 
th(i oarlh, and have ainee been exjiosed to the light o| 
ft dfty by thd Hqu(ioj:infj and tearing that happens in nioun- 
||ili building i yet, with this help, we can never see in theil 
i Mlato rouka that \ia.\B \iecvv. motia \}na^ cwis. 
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hulirlrecltli of the distance down to the earth's centre. In 
the diagram, such tilted rocks are sliown. 

The only way in which we can form any notion of what 
goes on at greater depths, is through volcanoes ; they, there- 
fore, deserve the careful study of every one who wishes to 
; know the little that can be learned of the vast unknown 
region of the eai-th's interior. 

Let ua first see what volcanoes are, in order that we may 
learn wiiat they can teach us of this inner mass of the 
earth. 




Fi<j. 43. Vesnvius in Eruption. 

A volcano is an opening in the crust of the parth through 
which molten roek or lava and other stones, along with 
great quantities of steam, are thrown out with great vio- 
lence into the air. This steam is healed far ahove the 
boiling point of water; ui>. indeed, to the melting point 
of roek, and escapes with such force that it drives the 
rocks before it, as by an explosion of gunpowder. Some- 
times these pieces of rock are so pulverized that they are but 
diiat, that floats away in the foi-m of a cloud, and has been 
known to drift more than a thousand miles before it falls to 
Mjj&]^gb^^Mt of tliis rock faWe. \ieai; VJaft •isiswiCsvs'K^^ 
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iriakc!S a liill rralh^cl tlie volranin cone. It often but not 
alwiiyM li.'ippciis tliat llie heat of these gases is so intense 
and l(»n;^-(r)ntiinuul, that the rocks through which the gas 
forces its way h<;cr)ine melted, and flow out of the cone in 
Mie form of lava. But tlio amount of this lava is gener- 
ally small eomparod with the cinders and ashes, and very 
HMiall indeed compared with the escaping steam, which is 
the princij)al feature in all volcanic eruptions. 

Volcanoes are never found in the middle of the conti- 
nents, hut c)rily near the seti-shore, and over the bottom 
of tli(! \r\'i\ii\i'v seas and r)eeans. Whenever we find old 
volcanoes in tlie middle of the lands, we find them no 
lon^r^.p jietivcs and we can prove that when they were 
jictivf^ t,li(^ sea lay nc^ar their bases. 

Tills shows us that volcanoes fire in some way connec- 
ted with tli(^ j)roc(^ss(;s that go on under the sea. There 
h;i,ve h('en a j^reat/ many theories to account for this rela- 
tion li(^t,we(Mi volcanoes and the sea; some have supposed 
that, th(5 s(;ji-wai(;r found its way down through crevices 
t,o the c(;nt.ral hot ])art of the earth, and was there changed 
int;0 st(5ani which poured out through the volcanoes; but 
we r(5iidily s(m; it would be easier for the steam to come 
out. of {\\{\ ])assa.<j^(; through Avhich the Avater went in to 
Mm^ heati^d region, than for it to force a new way to the 
sinfjMu^ so w(^ must, give up this idea. The most reason- 
jihlc^ vic^w is, that t.h(i volcjanoes are outbreaks of the steam 
that, is confined in the rocks beneath the sea or near to it 
A c(?rtain amount of water is fixed in the rocks when 
l/h(^y ar(^ f(U'm(Ml on the sea-iloor. All our rocks made in 
wat,(M- havcj from four to fifteen per cent of their mass 
made nj) of im[>risone(l water. This water becomes heated 
l)e(;aus(i the; beds laid down on top of it are very thick, 
niid net like a blanket lo Ve,c\) t\\^ ft^\t\v'^ V^eatin. In the 
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Icourse of ages this wati-r may come to liuve a Iieat as great 
na that of melted h'ori. Now, if any crack iti found in the 
Soverlying beds that will let thexe ga&ea escape, we shall 
mave a volcano. This will account for the fact that vol- 
canoes are jets of very hot steam, and tliat they always lie 
neai- the sea-sliore or on its bottitm. 

The reaeon why volcanoes do not occur far away from 
peEi-floors is probably because it ia only on these parts of 
she surface that the great blankets of rock are laid down 
nn the earth. 

We can help ourselves to figui'e thia effect of beds of 
Took in raising the liewt of J^n[^■'J^ below theiu, if we re- 
piember that over all t^y ^i^\ 
tearth's surface a constant How 
pf heat is Btr earning out 
jthrough the earth and going 
;away among the stars. Enough 
lof this heat escapes each year, 
ifrom every square mile of 
[the earth's surface, to boil 
ki great many barrels of water. 
Lif the render could heap any 
Hdnd of rocks on the ground 

[where he stands, so that the ^V «■ Bi.s« oi ik-at in Kocks. 
[flurface would be covered to the depth of two miles, the 
Ewater in the soil would, on account of this bla?iket of rock, 
pise slowly to a greater heat than that of boiling water. 
I Most volcanoes arc found in places where civilized men 
liave not had a chance to watch them for a very long 
((rhile. The history of only three is known for as many 
^ one thousilnd years. These are Vesuvius and .Etna in 
Italy, and Skaptar Jokul in Iceland. Of Vesuvius and 
n ffe have some account for more than t«o fti»wsKai 
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vears. Thesf; liistories show iis that volcanoes are not com- 
mofilv in a state of activitv. Mure than half their life is 
sfifriit ill a .state of rejHKse, their jMJwers slumbering below 
tlie <*aith. Soriietiiiies tlie»e still times continue forsev- 
f^ral hiiiidn.-4 v«'ars. Vesuvius was not even known to be 
a volrrHiio until the year Ti*, though the region about it 
liad Immmi dwelt in hv the Greeks and Romans for at least 
four hundred vears hef«»re that time. It was covered 
with fon-sts and tilled fields. At that dav men had not 
stur|i«,'(l tlie friinis of its surface, else thev would have 
known that its cuji-like sha[x?, and the nature of the ashes 
that made up the it. ii[^ of 'i -. marked it as a volcano. 
S(;v(;nty-nine ye*ai-s afl. ^n pj birth, the s^ilent moun* 
tain stood amid one oi'*^ most fertile and thickly 
jxjopled [)arts of the earth. It was the richest part of the 
fiornari Hnipire in its most prosperous days. Early in that 
y(^ar tlKue bfigan to be earthquakes in the region about it. 
Still, thougli there were volcanoes on the island of Ischia, 
whieh li(;8 witliin siglit of Vesuvius, that had proved 
veiy d(;stru(jtive to life and property, no one thought of 
the dan^cM' of an explosion from the long silent Vesuvius. 
Finally, a most frightful explosion took place. The upper 
part of the mountain was blown to pieces, and the coun- 
try for many miles about was rained on for days by stones 
and aslujs, falling so thickly that a perfect darkness was 
ma(l(\ Men and beasts were killed, even a dozen miles 
away, by ih(». shower of hot stones, and all this beautiful 
<M)untry was r(i(lu(HMl to ruin. The famous Roman natu- 
ralist, Pliny the elder, who was admiral of a fleet sta- 
tioned at Misenum in that district, a town about twenty 
miUiS from the mountain, lost his life at a point over a 
Ml miles away from the volcano, having been suflFo- 
hy the vapors of t\ie exu^t\o\i \xv \jda effort to save 
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the inhabitants of the shore. So severe was the shower 
of ashes, that his attendants eould not bear his body 
away from the plaiie where he had met liis death. 

At least two large and wealthy cities, Herculaneum 
and Pompeii, were buried beneath the prodigious masses 
of ashes or small stones that were thrown out from the 
volcano, or overwhelmed in the mud made by the heavy 
rains, which always come with a great eruptioa. There 
were doubtless many small villages overwhelmed at the 
same time, the names of which are unknown to us, for it 
ia only by chance that we learned of the destruction that 
came upon Herculaneum and Pompeii. The accounts 
written at the tiuie simply say that many places were de- 
stroyed. 

After this eruption, others came at long intervals, 
sometimes over a hundred years going by without the 
least sign of activity in the mountain, so that a good 
part became covered with vineyards and gardens. Then, 
with a period of earthquakes that set all the mountain 
to trembling, the volcano would again burst forth. It 
was not until after it had been active for ahout a thou- 
sand years that it began to throw out lava. Lava ernjf- 
tiuns have been growing steadily more common than of 
old, and the eruptions have been growing more frequent 
uid lees violent. For, as a general rule with volcanoes, 

I vbere their eruptions come only at long intervals, they 
are much more violent than they are when they quickly 
follow each other. A little volcano, called Stromboli, 
which lies between Vesuvius and ^tna, has been in con- 
stant eruption for centuries, scarcely a day passing when 
it does not throw out some fiery gas and melted stones; 
J)lit its eruptions are never very violent. It is to be 

Ljlli^ ibat the larger the volcano, tUe muxe \-^A^ "-^jl 



to throw out lava, JEtaa has had many worse lava floors 
than VesuviuB, and is one of the beat places to study 
such streams. 

When lava escapes from a volcano, it is generally verj 
fluid. Sometimes it appears almost as liquid as water, 
though it really is more like melted lead or quicksilver, 
which are loss fluid than water, though they flow with ease. 
The lava generally flows very quickly when it escapes 
from the crater ; but it soon begins to cool, and forms n 
solid crust upon its surface that iimkes it hard for it to 
creep along. Finally, it crawls bo slowly, pushing along a 
mass of broken solid lava in front of it, that it looks like 
a large heap of rolling stones ; yet the lava within the 
stream stays fluid, and for months it may crawl along in 
this fashion, making only a few hundred feet of advance 
in a day. Still it is strong enough to overwhelm towns 
and destroy fields in its course. Sometimes the hard coat- 
ing of frozen lava will break open and let the fluid intt- 
rior out in a fresh stream, which in time becomes closed 
in the same way. It often happens that these lava 
streams fall into the valleys of rivers. It then drives the 
water into steam, and effaces the course of the river. 
After the lava has cooled, the river commonly cuts itsdf 
a new lied alongside of the lava; often there is a stream 
on either side of the lava, and in time these wear down so 
deep that the lava is left on a hill-top. This has often 
occurred in California, where volcanoes, now extinct, 
once filled to tlie very brim with lava the valleys that lead 
from the Sierra Nevada. We know much of these old 
Californian streams, for their beds contain gold among the 
grnveJ, and a good deal of mining is carried on in their 
nncient beds. In the figure No. 4.5, the dotted line shorn 
^^e position of the old vaUej 'w^\c\\ Vfla "ofcea. fiiled with 
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lava, while below we see the present valleys. The old 
river hed, cniitaiuing goltl, lies imtler the lava stream, 
which HOW wips a hill. 

Although volcanoes rarely give nut largo amounts of 
lava, there are some places in the world where there are 
very large regions that have been covered with these 
Hoods of molten rncl(. One of these in Califomiii, Oregon, 
and Washington Territory, is nearly as large as France. 

Although volcanoes are among the most violent and 
seemingly disordered of the earth's works, they play a 
definite and bountiful pju't in its machinery. If the world 



Old River Beds llUod ivilti Lavn. 

were without them, it ia hai-d to see liow life could long 
oxist. Tliis seems a paradox, hut its truth is easily made 
plain. We have seen that the plants of the earth live by 
taking the carbonic dioxide from the air. In an atmos- 
phere without this gaseous carbon plants could not 
grow; iiu<l, as animals depend on plants for their food, 
they, too, liave the liveliest interest iu this element in 
the air. The amount of this carbon is never large, not 
exceediug one three-hundredth of its bulk. If there were 
not means whereby this carboji could ctime back to the air, 
it would require only a few centuries to make the supply 
laabi' DOQJxi not grow. A aHi&\. &!e»!i. <& iden 
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carbonic dioxide, perhaps nine-tenths, that goes into the 
plant, comes back to the air in their decay; but every 
bit of coal that is formed, every grain of limestone that 
is deposited on the sea-floor, takes so much carbon from 
the air and lays it away in the rocks ; so that it is certain 
that the vegetable world could not long endure without 
some renewal of the carbon supply in the air. The prin- 
cipal way in which this buried carbon can get back to the 
% air is through the gases tliat volcanoes throw out in their 
times of eruption. Although the most of this gas they 
pour forth is water in the state of steam, there is a con- 
siderable amount of carbonic acid gfis thrown out in every 
eruption. Sometimes so great is the quantity that it suf- 
focates the annuals for some miles distant about the crater. 
AVe do not notice it much in an ordinary eruption, for the 
reason that the gas is taken into the water and steam, and 
so locked up there that it does not affect life ; but in on 
eruption of Vesuvius or yKtna there is as much of this gas 
of carbon given forth to the air as would be taken from 
it by the l)urial of a large amount of coal or limestone. 
As volcanoes are continually in eru])tion in one part of 
the ('{irth or another, it follows that they pl.ay a most nec- 
essary ])art in keeping the world lit for life; and the 
destruction they do is of trilling im])ortance compared 
with the benefits thev confer. This adds another to the 
many proofs that this earth is wonderfully arranged for 
the uses of living l)eings. We have seen that the orderly 
work of the air and the wfiters, in all their manifold actions, 
seem to foster this life; but even the most violent and 
seemingly destructive actions of volcanoes also aid in 
making the conditions that life requires. When we look 
at the buried cities of Pompeii and Herculaneum, or 
*iold the ravaged vineyards awd o\\n^ oYcliards about 
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VeauTius, we may set against this account of il! the fact 
hat in every eruption of Vesuvius there comes forth the 
arbon that is t« find its p]nce in the life of the whole 

world ; so that the damitge it brings about is trifling com 

jared witJi the benefits it confers. 
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LESSON II. 

ON THK CUKKKNTS OF AIR AND SEA. 

We liavo already spoktiii of the atmosphere in a preceding 
chapter. We will now look more closely into the work 
that comes from tlu; action of its cnrronts, the winds. 

The life of our (^arth is of two kinds: the life of anima- 
ted nature, and the life; of the inanimate world, shown in 
the movements of the air and water, and the other motions, 
such as those of volcanoes. Except the disturbances that 
come from beneath the earth, all its motions are derived 
from the sun's heat; all the life of animals and plants, all 
the currents of the air, the rivers, and the oceans, every 
stir of its surface, is due to the force that comes from the 
sini and stars. The motions of our own limbs, even the 
beating of our hearts, are only forms of force that comes 
to the earth from the great sources of power, the sun and 
the fixed stars. The siui's heat causes the plants to grow; 
and it is this solar force that (jomes to us in our food, 
and is the support of all animal bodies. Every wind 
that blows, ev(5ry stream that runs, on land or in the 
s(»a, moves be(*aus(\ iiiipelled by this power from beyond 
tlu^ earth. If our earth (jould be cut off from these 
sources of i)ower, all its life would soon become stilled. 
One night, of a few months' duration, would bring its 
whole surface to a cold of more than one hundred degrees 
below zero of FahnMiheit, and all the animate and iiiani' 
mate life would be stilled ; the seas and rivers would 
change to motionless ice, and, until the day came again, 
no motions, save those of the earthquake and the volcano, 
Winild occur ujion the eartii. 
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p. ^ oincG this woi'ld is moved by the force that cornea from 
I the 8U11, we should get some idea of the way in which this 
' heat comes to ns, and the mode in which it works after it 
has arrived on the earth. 

This solar force comes to the earth in the form of heat 
and light- Both the heat and light are necessary for the 
machinery of animal and vegetable bodies, but the move- 
ments of the winds, the waves, and the currents of the 
sea require only the heat for their action. The supply of 
light and heat cornea to tlie earth from two different 
sources. Somewhere near one-half the heat comes from 
the fixed atai-a. This heat from the far-away stars descenda 
equally on all parts of the earth'a surface ; but, if it alone 
came to the earth, there would still he no movement for 
it; the oceans would be fnjzen to their bottoms, and life 
of all kinds would be impossible. All that thia star heat 
does is to lift the general temperature of the earth's siir- 
face from a far greater cold tn an average temperature of 
about one hundred degrees below zero of Fahrenheit. 
Although this seems but a poor gift, it is still of priceless 
value, as it makes it possible for the sun to do its good 
work of quickening life ou the earth; but for this help 
from the stars, the aun could not accomplish thia task ; 
it alone would have too mnoh work to do. 

The sun gives us both light and heat ; hut, in place of 
giving it as the stars give their heat, equally over all the 
Bar&ce, it pours a great amount of this light and heat 
upon the regions between the ti'opica, and givea much lesa 
to the regions about the jiolea. If this heat stayed wliere 
it fell, or if, like the light, it were a momentary thing, 
disappearing as soon as the earth turned its face away 
from the sun in the night time, then the world would fate 
the mid-day at tUe tTon\fi^'i^;^i^N' 
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vo4i](] be too great for life to endure, and id the night 
everythiDg would perish in a frost of more than a hundred 
degrees lietow zei* 

Kortuniitely heat »^an be stored up, as light cannot be. 
The rocks and the air can take in some of it, and the 
water can take in a very large quantity. This heat it; 
given out again, after having been stored away for a 
time. Thus, when the night comes, in pUce of the thei^ 
inometer falling to one hundred degrees below zero at 
dawn on a summer's night in the tropics, it rarely goes, 
below sixty above zero ; because these things which have 
been taking up heat all day proceed to give it out 
xteady streams. So, too, in the winter, the earth and seas 
slowly jield up the heat the summer gave them to modei^ 
ate the rigors of the cold seasnus. Thus it happens, that 
islands, even in seas near the poles, have often a some- 
what uniform clunate in winter and summer. The aver- 
age difference of temperatui'e of the months in Cornwall ia 
southern England not being more than thirty degrees in any 
one year. But the most important effect nf this great heat- 
storing ability of water is found iu the power it has of 
carrying heat from the e(|uatorial regions to the poles. 
This it does in the way we shall soon consider. If wa 
watch a heated stove in the middle of a large room, the 
walls of which are cooled by the outside winter air, we 
easily see, by the aid of a, little smoke in the room, thM 
the aii' risefl over the strive to the ceiling, lloatN off to 
sides of the room, falls down there to the llnor, and then 
ninH along it ti.i the stove, making a continuous round. 
This ifl because heated air is much expanded, and, there- 
fore, greatly lighted than the cold. "We may illustnit» 
hy means of a paper balloon, with an open mouth 
', iiudemeath which a amoXV \i\&fce, 
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m tiiri«!ii(iiie or alcohol is hung. This sjxinge IjL-ing lirei-l, 
the heiitetl air mil swell the balloon, luid lift it far iibove 
the earth. The fii-st balloons ever used to lift men into 
the air were of this iiKture. 

The (ih'culatioii of t'ue air about the stove is exactly 
parallelled by the circalatioiL of the air on the earth. 
The region between the tropics ia so hot that the air is 
impelled to rise ; to fill the vacant space, the air rushes 
in from the regions to the north and south in the strong 
gale we call the trade winds. The upper air streams off 
towards the pulus in a mighty lluod na wide as the seas ; 




on the high mountains near tlic trojiics we may feel it 
always blowing a steady gale, never ceasing by day or 
night for ages. 

If the earth stood still on its axis, these mnds would 
come straight down the siirface of the earth towards the 
equator following the meridians; but, because the earth 
spins around on the polar axis from west to east, they come 
slantingly down upon the equator from the north-east and 
the Bonth-east. It is a little dirficult to give a simple and 
clear explanation of this slanting coui-se of the winds that 
blow towards the equator. It may best be understood by 

piece of caii\jQMi!i. oa. ^^ cgctq^^ 
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point, and trying tu mil n uiJirbk' fi-om the centre to tlie 
outer edge. It will lie fimiid tliiit the marble will not roll 
along tiie short, straight Kne from tlie centre to the oii'- 
cuinference, but wili follow a curved line, coming to the 
edge as shown in the fignie. This is becautte tlie marble 
has in its course always a less rate of spinning than th^i 
card over which it is travelling. The friction on the axri 
makes it spin around with it ; but it cornea to each part on 
its course at the rate of the part wldch it has just left, A 
particle of air, when it starts in the trade winds on i\n 
journey to the enuatur, ia spinning round witli the ^vorl(i 
on which it lies at the rate <if 
uhuut live hundretl miles ait 
hour ; when it gets to th« 
equator, it must travel a timve 
sand miles an hour. Tfai 
result is that it lags behind 
at every stage of the jnurneyjj 
just as the marhli; does, and 
so comes obliquely from thfl 
north-east and south-east, h 
not squarely down upon the equator. All tliis has a great 
importance, as we shall now see. 

These trade winds blow sti-ongiy, so that they scad i 
sliip at great speed, and, as may be imagined, tliey 8wee{| 
the surface water of the sea along with them at "the ratt 
of two or three miles an hour. This water flows in ih 
same direction as the wind ; and so, an there are two stream 
of water, one from the aiiiith-eaat and one from the nortti 
east, each as wide as the ocean in which they lie, the t 
pressing against each other at the equator make a curront 
two or three hundred miles wide, flowing towards tfafl 





CTTRRKwra OP THE Arc And sea. 103 

1^ large river. This water is very warm, fnim the heat 
given it by a tropiciil, overhead sun ; ao it is a vast hot 
stream carrying perhaps more water than all the rivers of 
the world. 

If there were no lands in the tropics, this river of the 
would flow around the earth as a great girdle of run- 
ning water ; but when it strikes against the shores, it is 
split in two, and runs as two streams towards either pole- 
There are two of these streams in the Atlantic and two in 
the Pacific Ocean ; in the Indian Ocean, because there is 
so much land near by in the northward, the trade winds 
are not steady enough to make any very distiiiet current. 
We know only one of these streams at all well. This is 
that known as the Gulf Stream, because a part of its 
water comes out of the Gulf of Mexico, into which it Oows 
from the Caribbean Sea, This stream flows into tlifi north 
Atlantic. When it starts from the West Indian Islands, 
it is a stream about one hundred miles wide and several 
hundred feet deep, flowing at the rate of foiu- miles an 
hour. As it gets northward it widens and becomes more 
shallow, and steadily sinks in temperature. As far north 
iis England it has a very gentle current, but ia still much 
warmer than the air usually ia. 

As it goes northward, tliia stream leaves the American 
shore which turned it northwards, and moves to the east- 
Wtird, crossing the Atlantic. If the reader has seen why 
the air currents turned to the west in going southward, in 
the trade winds, it will now be easy to understand why 
the cuiTcnt of the sea strikes off to the east in going 
northward. Each particle of water, when it leaves Flor- 
ida, ia moving to the east, in the spinning of the earth 
on its axis at the rate of several hundred miles an 
t^es towards thu polo it ia coft*\.'asi\X?j ^QtTO.\\% 
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into regions which have a less movement to the east, so 
its momentum causes it to outrun the easterly motion of 
the earth at these points, and to swing off to the east or 
the direction in which tlie earth is turning. 

These waters that seek the pole return southwards in 
the depths of the sea in southward-setting currents that 
move slowly along the bottom, or creep along the western 
shores of tlie oceans. So the waters of the seas are con- 
stantly sent towards the poles in warm currents, and 
returned in cold streams to the tropics, to be again charged- 
with the life-giving heat and sent again to liigh latitudes. 

If tlu; heat of the water stayed wliere it fell, then th^ 
tropics would be too hot for life; while, all about the pole^-^ 
even as far south as New England, the ocean would b^ 
froz(;ii so there would be only a little strip of the earth it :■- 
cither heinis])here lit for life. But, b}' this machinery of 
the moving waters, the temperature of the earth is so baL-^ 
anced that but little of it is not suited to some forms of 
animals and plants. We get an idea of the power of 
these ocean currents when we know that the Gulf Stream-'^ 
sends as much heat to the region within the Arctic circle 
as conies upon that part of the earth from the sun. 

Now, heat not only affords the possibility of life, but L^ 
is the i)()wer that sets all of its machinery in motion; s<^ 
it liappens that this machinery of the winds serves to di^^ 
■ribute the source of life over the earth, equalizing it ft<^ 
that the whole of the earth's seas and lands give som.^ 
chance to living beings. 

The winds alone cannot do this work of distributing 

the earth's heat, for tlie air cannot hold much heat stored 

in its particjles. If it were not for the currents of the se^ 

til ere would be no chance of having enough heat carrie<i 

to the regions about tlie po\e^ to ^^^^ ^i^cistCL i^orca. ^^Rs^t- 
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ual frost, or enough taken away from the tropics to keep 
their lands and seas fi'om becoming so hot that few living 
things could endure the climate. But, in a smallst and 
local way, the winds do a great deal of work. They 
carry the warmth and moisture from the seas into the 
lands, giving them their needed quantities of these all- 
important things. 

It is easy to see that the shape of the lands fixes the 
cfiiiise of these ocean streams. The great Gulf Stream, 
that flows into the north Atlantic, finds an open passage- 
way far to the north ; on the other hand, the great stream 
of the Pacific, the Japan Current, is shut out from the 
Arctic Sea Ijy the peninsulas of Aliiaka and eastern Asia, 
so that it cannot pour in its warm waters to j-elieve the 
cold about the poles. If these lands should sink down 
beneath the sejv, as the lands often do, letting the Pacific 
stream into the Arctic Ocean, the resnlt would be that the 
tropics would become cooler, and the northern regions a 
good deal warmer than they are at present. Many of the 
wonderful changes of climate that we know to have oc- 
curred in the [Kist are probably to be explained by such 
change in the direction in which the ocean currents flow. 
When they can reach the [xdes in strong streams, the 
tropics become cooled by the heat that the waters bear 
away from them, and the regions around the poles warmed 
by their waters. When the lands force the ocean cur- 
rents from the poles, the tropics become hotter, and the 
lands and seas of high latitudes are given over to intense, 
life-destroying cold. 

There are probably many other causes of climatic 
'changes in the earth's surface. The sun's heat may vary, 

Klianges in the earth's path aboMt \t tawj ?i.^x wi J 
wiuter aud summer scasoua W a.w^ '«j\xft\jX^ ^g^^fl 
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liiii-H nf iK'iit'ly till' siuiu^ teniperaturc, ntul again, 
ililli'i'itiit. lliaii tlicy now are. But this cliaiige in the 
imiirHK of llii) oiHtnii Ktrciiiua, ilepending on alterations in 
llio |ioNitinii iiC Iho (lecaii currenta, is probably tlie prinei- 
jiiil ciHiwi "if tlm 1,'ixmt (.'limfttic changes in the past history 
i<( tlid riirlli. Wo know that the course of these streaniB 
(li-]iiniilH nil tlid xliapit nf the lands; we know, also, that 
tint IiiiiiIh iiro cmiBUuitly whanging their shapes; soitfol- 
liiwn I lint, iw thn iliHti-ilnition of the heat on the earth's 
Hiiri'iii'i' ilKpuiiiU mainly on those streams, the temperature. 
of imy |>liii'(' inimt ho niiulu j^ieiitly to vary, in differenk 
ugiiH of tlio (iiu'tli'tt histury. 
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LESSON I. 
IILL8, MOUNTAINS, VALLEYS, AND CONTINENTa 



} surface of the earth 
yns, which have been 
the ninning water has 
vay about a mass of 
ar rock, we terra it a 
The figure shows the 
I a hill, the dotted lines 
ig the rock that has 
!ut away iu ita fonna- 
As nearly every region 
A rutiiiiiig water upon 
la are found every- 
Mnmitains, at first 
look like greater hills, 
e find that they are 
!i a different manner- 
ire made by a folding 

rocks of whiuh they 
mposed, as shown in 
lire. These rocks were 
Jly flat, lying like those 

hill, but, by a way 



abounds in irregular eleva- 
formed in various ways. 



E^SSS 



Sacliou a( Hill. 




H 



Seclion iil NVnttWa.\iv. 



108 IBBBSTn.&BI7lBS OF THE BASTB. 

whicli we will nnw consider, they have been crumpled up 
BO that tliey lie like a iiiasfl (if wrinkled paper. If 
look closely at aiiy mountain, we -see that a great part of 
it has been cut away by rivers, so that the hill-making 
forces are as evident there as elsewhere. We may prop- 
erly say that every mountain is in a certain sense a bill, 
while hills proper ai-e not mountains. 

The cause of this crumpling of the rocks in a moun- 
tain is a pi-essure coming horizontally through the earth. 
We may represent it hy taking a nuniber of sheete of 
paper, each of whicli may stand fur a layer of rock, 
presaing them from tlie sides, so that they may be forcect 
to wrinkle, as shown in the figure. This is the way in 
which this wrinkling is brought about: 

The earth is very hot in the inside, as we know from 
the fact that volcanoes tbi-ow out masses of rock melted 
by heat, and that all our mines grow hotter aa they de- 
scend. Now, the space outside of the earth is extremelj 
cold, as ia shown by the faut that all very high mountains, 
even under the tropics, have snow that does not raelt in 
midsummer. If, in the hottest sunuuei" day, we should 
ascend to the height of five miles above the earth, wi 
should find the ah' at about zero. This heat of the earth'i 
depths is constantly leaking out into the epiices of th( 
sky ; enough passes off each day to melt somewhere abouj 
ime hundred cubic miles of ice. Now, as the earth loi 
heat, it shrinks. All substances, except water, shrink 
cooling. A familiar example of this is seen in the rails d 
a lailway. In the heat of sununerj they swell until theii 
ends come close together ; in the whiter, they shrink ym\ 
they ai'e some distance apart. A mass of melted atufl 
Bueh as glass, will generally become one-tenth smalle 
when it loses enough lieat \« iiftftia oi \i%Qame 



From this loss of iicat, the earth constantly becomes 
smaller. Take any [wint in our solid rocka : it is certain 
thit one thousand years ago this point was a little further 
fiom the eartJi s rei tie than at present V e ause the shiink 
uig of the eirth m one thousind years amounts to a foot 
or more of its diametei In this shnnkii g it is the deeper 
part of the earth that grows smaller Tl e outer part 
thit IS f Ided lilt our i lo u tain'' has 1 ng been b (. oled 
that it li i I no groat an unt f heat to 1 se and so ot late 
It has n t shrunk AU tl e ini cr ie,ion has I eeu steaddy 
hill mkii g since tht w orl I beg ui It is uisy to see that thia 
)utcr I -xri 1 lust writ Uc on the outside To compare sniaU 
things t > greit we m \y con 
sider 111 aj I le i s represci t ng 
the earth iiid its ski i is 
answeiiiip U the coll uter 
shell When the aj pie Ines 
up the outer akin win ktes, 
becau'<e it lohes a little of 
the water that escii es Con 
ceive a 1 iss of heit t 1 ring 
about the shrinkage in the ' 
apple, and we have a close likeness between tJie little spbere 
of the fpuit and tlie world that gave it life. 

If our mountains had not been worn down by the 
action of water, they would api^ear vastly higher than 
they are. The very highest has its top less thdBr six niilf a 
above the sea ; but, if we could put on it g^ that the water 
has worn away, it would probably be twice as high. 

Yet it must not be supposed that these mountains were 
ever much higher than at present ; for, in fact, the moun- 
tains grow slowly uiiward, while the streams of running 
the ioe streama that ofteu ionu 'm 'Cwra. \a^-«J4 
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r»\\ej», cut tlimi (Inwn. So slowly do our i B lmUi iM 
gnntmliy lift tlieitncive*, that a stream flovii^ sfioa 
tlicm i» wmietimeM able to keep its bed cut opes as the 
m"iintaiii rim.-9<, the ridge never moviog upwards so sud- 
denly tbat tbu river found an impassable iliuu ia il« ny. 
The shnplctit muiiiitains are like the Allegbemes, where 
n iitimber nf long, low ridges, looking something like 
iNKits tiini(!il U)midc tlowii, lie side by side, closely crowded 
ti)f(nl\it!r. Ill more complicated mooutaiits, the smaller 
f'fldit r«i(t iijiuirliirgcr foUls, as shown in the figure below, 
ihn wliiilc worn down in a curious way by the streams. It 
in in such mountains as the Aljis, where we have thia very 
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mil Mt. lllauc. 

' find the finest mountain 



It" iii'iniiLiiiiiM duiwe tii grow, the streams gradually 
phmc Ihinii down initil the surface becomes nearly level 
iiXliiii, iukI only a goulogist can see that the country has 
IIm iiui1(m iu-rnngiiil in a mountainuus way. There are 
iiliiiiy (ininitrliiH where such woihi-down mountains 
mill they am not infriiquout hi Amei-ica, — the eastern 
]hiirt iif Now Knghiiul. ineluding nil of Rhotle Island and' 
the inoNl [iiirl of Miissitc)iUM-tts luul Maine, is upon suol) 
wura^mi mmiutauns. 
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One of tlio advantages (rf this peculiar struetiirp is, that 
it enables ua t« get at many stores of mineral wealtli, 
from which wo would otherwise have been debarred by 
their deep burial. We i 
by the diagram how a seam 
of ooal or a bed of iron ore 

ly be brought to the light, 
■whioii otherwise would have 
leeil' deeply buried in the 
earth. beySnd the reach of 
man. 

Mountain ridges are rarely I^^^HRSI^SSnB^HMB 
found alone. When they ^3-62. Coal Beds opened by Fold. 
occur at all, they are generally in long sefa of ridges, 
which have each the same general direction as the main 
chain. A familiar instance of this is seen in the ridges of 
the Allegheny mountains or of the lai^er Appalachian 
aeries of, mountains, of which the Allegheniea form but a 
part. Eather more than one-half of the earth's surface 
has been pushed into the crumpled form of mountain 
folda. In fact, nearly every part of our rocks that has 
been made for a long while shows some marks of crump- 
ling under this pressure that builds mountains, and ia 
time even the most level rocks will probably be twisted 
by this force pressing against their sides. 

These foldings of the rocks may be of any size, from 
those tliat form the greater mountains down through thoBe 
of less and less dimensions, until the fold is only an inch 
or BO in width. In the larger folds, the tluckneas of the 
folded rocks is great ; while, in the smaller folds, the beds 
may not be thicker than this paper. 

Besides the steep, sharp foldinga in tlie ra.(i'OioSaMAS>,'>&«i 
crust has folded in troadet c\ii\e* *«>- 
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continents and great basins. These folds are immensely 
broad and of very gentle curves. Thus, while a moun- 
tain may be nearly as high as it is broad, the continental 
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fold IS from one hundred to one thousand times as wide as 
it is high. It is not certain just how these continents are 
formed, but they probably arise from the folding of thicker 
parts of the earth's crust than are crumpled together in 
the formation of mountains, — a folding that is also due 
to the gradual escape of heat from the earth's interior. 

It is worth our while to notice that, although the heat 
that comes to the earth from the sun and stars serves, by 
setting in motion the machinery of the rains and waves, to 
wear down the mountains and the continents, the heat that 
goes from the interior to the stellar spaces causes the 
mountains and continents continually to rise and replace 
the wear effected by the ever-falling heat. The heat, fall- 
ing on to the earth, tends to reduce all its irregularities 
to a plane ; the heat that flies upward from its depths serves 
to make it irregular, — to build mountain and continent as 
fast as rain and wave wear them down. 



CHAPTER VI. 



ORIGIN OF VALLEYS AND LAKES. 



LESSON I. 
RIVER VALLEYS. 

y^ LTHOUGH the continents and mountains form the 
^^^ greatest irregularities of the earth's surface, there 
*^^ other and commoner features in the land that we can- 
^^"fc pass by. Nearly every part of the earth's surface, 
^t^Oye the line of the sea, is formed into valleys, and in 
^^ny of these valleys there are deposits of fresh or salt 
^^ter, termed lakes, 

"iThese valleys are of all scales of magnitude, from those 
^*^5^t may be bridged with the foot, to those that include 
"'^Xf a continent within their bounds. 

To understand how valleys are formed, we should 
^*^serve the action of rain-water on some area of smoothed 
l^T^d, such as a newly-ploughed field over which a roller has 
b^en drawn, bringing its surface to an even slope. We see 
^*iat the water at once carves out for itself a system of 
^liannels which connect with each other, so that a picture 
^^ these streamlets will look something like a map of any 
large river system. 

iVlienever the seas give up the lands to the air, they 
^^© at once seized upon by the rain-water, and their sur- 
^^ce brought into such a system of valleys; the only 
^^oeptiona being when, as is the case on oxA'^ ^. i's^ ^s^<^\& 
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ny«>}\ tlio earth's Hitrface, there is too little niio to m»k^ 
liny rivers at nil. 

Eaoh of thcBii river valleys has certain features wliici 
art) uomniiiii Ui nil others, though no two ai-e jnst alike 
Every rivov valley has thi-ee priiicijwil parts : the plao 
wlioro the rivor is actually cutting its way, which 
torineil thn clututiel; the alluvial plain on either side; ajit 
the fur wider xootitut on either siile, which is termed tli* 
uiater^Hho'd of the river. 

The relative prtniortion nii<l relations of fhoae two elp' 
uientu of tho valley vary very much, which gives the imat 
of tlio variety to our river basins. 
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The channel of the river is principally due to its 
mechanical cutting power on the rocks through wliicli it 
goes. On either side, the alluvial ])lain marks tlie phujOH 
where the stream has recently been at work, hut fronfl 
which it has swung away. On either side, hut fortbefl 
away from the channel, is a broad slope towards tho streai^J 
which may be miles in width, and is nearly always cut iip:3 
by tributary streams, each essentially like the main riTex/l 
ouly smaller. 2 

To get a good idea of a river's Mstury, we should g&M 
'? same o£ ita mouuUda UibtU«£\a&, — W aU. 'MA»Jn|iJ 
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rivers head in mountains, — see there the first Hfeps of 
the water ; then trace this stream to the sea. lu this 
mountain stream we shall find the water rushing; rapidly 
down a steep slope cut in the solid rocks. These rocks 
themselves are the waste of old rivers, which was long ago 
carried to the sea from old lands, built on the sea-fioor, 
and uplifted into the land again, where we find the river 
now carvmg them. They may he in the shape of sand- 
stones, shales, and limestones, or they may have been 
altered by heat into the shape of granites or other crys- 
tallized rocks. We shall find the mountain-stream bed full 
of great rounded or angular stones, which have been riven 
from the banks by the roofs of trees or the frost, or released 
by the process of decay, which works into every fissure of 
the rocks, and leaves them free to fall. In the dry season, 
the clear water of the sti-eara tumbles about among the 
Btones, making a great deal of noise, but doing little work 
of wearing ; but in the times of flooil we shall find it full 
of muddy water, and we may see the lai^e stones pounding 
ah)ng, bruising their neighbors, and wearing the bed over 
which they are forced to move. Now and then, land- 
slides bring a great amount of rubbish into the bed, so 
that the stream is dammed for a time ; hut its waters 
soon overcome the barrier, and bear its earth and stones 
on in the flood. These times of flood are the only occa- 
sions when the stream becomes a rock-grinding mdl ; and 
its power is due to the swiftness of the waters, and the 
ease with which they urge the stones down the steep 
slope of the bed. In this, the torrent part of a. river, the 
stream generally falls fifty feet, or more, to the mde. If 
its elope is steeper, it often clears away the greater pai't 
of tlie stones, and flows over the lower rock-bed. 
^^&|pji tile brook, nwoUea by tT\\iutas\ea ^cta "^S;^^ 
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fiTidA itfl way out of the gorge in which it was bom, and 
^jiitTA a wilier valley, where it falls less rapidiT, and takes 
on thfj character of a little river. The first change we 
notice is that the river no longer flows in a narrow, V- 
fthaf>^rrl gorgf% with no flat land along it, hot it now has 
a little edge of stones, sand, and earth on either side of 
itH waters. Here lie the bits of stone which its dimin- 
ished current no longer permits it to carry ; for the swift 
streams above send down larger pebbles than the river 
can now carr\' awav. They have to remain untU they are 
defrayed into pieces small enough for the stream to bear 
onward. As we descend further towards the mouth, we 
finrl that thf; current, except for occasional falls or rapids, 
]t('(U)]twM (;onstaiitly slower, so that these stones lodge on 
the sidffs of the stream, making wider and wider terraces 
on fjither sirh? of its path. This accumulation of rubbish 
realises the stream frerpiently to change its bed. In these 
ways it r^uts away on one side of the alluvial deposit, 
and fills in on tlie other. Each time it travels over the 
rh;i)f>sits of jxibbles, it takes out the part that is decayed to 
siiflif^icnt fineness to be borne along; the larger pieces 
soon lodgf; again in the terrace-beds. 

When the stream is at its flood height, it commonly 
ovcfi'flows mn(;h of this alluvial plain, and leaves on it 
a coating of finrj mud, which is generally built into a 
v(!ry fertihi soil. This soil is often very deep, but below 
it we find the- layer of stones which the stream had not 
force enough to (;arry with it. 

N(;m' ih(; mouth of a great river, these alluvial lands 

r{i.j)idly widcjn, and form the delta, which is, in reality, 

not a thing by itself, but is the broadened ends of the 

alluvial ])lains that border the stream, from the time it 

haanuw a river; that is, w\veiv, \\v \U V^sA-^^t^T^*^ the fall 
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of its bed became too eligbt to carry all the rubliiBh the 
mountain torrents sent into it. 

Tbe only striking Tariety given to a river is where 
some harder rocks cross its bed, making a, fall. Falls 
are formed in several ways. One way is when u tra[i 
dyke crosses a stream, forming a dam of rock ao hard that 
the stream has difficulty in cutting through it. Such 
falls are rare ; they hardly occur in any gj'eat streams. 
Another and commoner way is when the bedded rocks that 
cross the stream slope down towards its bead, as shown in 
the diagram. Fig. 55, In thia c-ise, if there Its a hard bed 
also with soft rocka below it, a fall will be formed. The 
water plunges over the hard 
bed, and, by dashing the 
stones about, wears away tbe 
soft bed, making a steep and 
often an over-hanging clifl". 

The falls of Niagara, as rep- 
resented in the diagram, are 
formed in this way. On top 
is a hard limestone, known 
to geologists as the Niagara ^'"-^ i^ecuou of Niag.ira FaUs. 
limestone, which happens to cross the river at this point ; 
below is a soft slate, which the whirling waters at the 
foot of the fall easily cut away. From time to time, this 
undercutting causes the ovei'banging hard layer to fall to 
the base, where the surging waters use the fragments as 
tools to cut away still more of the soft layer. In this 
work, tbe beating spray, which bishes against the rock, 
gives much help. So the fall is slowly working up stream, 
at tbe rate of a few feet in a hundred years. All falls 
of tins nature work up stream in the same feshion, be- 
lower aa the hard layer sinkB dowKw^sA* ^ft-traa:^ 




the stream-bed ; as will be easily Been by inspecting the 
diagram of Niagara Falls, 

The falls of the Ohio, at Louisville, afford yet another 
and the rarest sort of fall. There the river flows over an 
old coral reef, which was built into rocks formed long 
before the coal measures. Tliia coral reef is much harder 
than the other rock of the country, so that the river is 
thrown into cascades where it crosses its surface. 

This is a brief account of the course of the water m 
the stream itself, aud of the causes that give its course 
and shape ila bed. The causes of river-courses, and the 
many details of its shape, are uot easily understood, and 




fiy. 5t). CluuigB of Biver Chaunels. 
depend on a thousand local conditions. The constant 
swings of a river are made to get away from the waste 
which its current is continually trying to bear along; 
work which, from the (juantity of this waste, it canoot 
well do. All our rivers are overburdened by their sedi- 
ments. In their struggle with the waste, they ai-e thrown 
ijito strange turns and windings, called ox-bows, which 
are found only in sluggish parts of streams. These ox-bow8 
are often cut across by the current, leaving what are some- 
times called moats, from their likeness to the ditches dug 
ttbout old castles, aad other Ui^bt atooT^^^Ub. 
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The bed of a river, though it seems to move maioly to and 
fro through its alluvial plain, is generally cutting downward 
into the rock that underlies it ; the result is, that it leaves 
more or less of these alluvial fields high upon the banks 
on either side of the stream. These shreds of the old 
alluvial plains show the successive levels of the stream, 
as it has cut downward in its endless wearing of tlie roeka 
over which it flows. Sometimes there are as many as 
half a dozen of these old levels marked in the terraces 
of the stream. Very good examples o£ these occur along 
the Connecticut River, and most of the other New Eng- 
land streams. They have been considered as proofs that 




the river was once much larger than it now is, but this 
is not the ease ; for, if the river had ever been able to fill 
its valley to the level of these high terraces, it would have 
swept them away altogether on account of the swiftness 
of its stream. The diagram shows the general position 
of terraces in a river valley, and the old levels of the 
river when they were formed. We must imagine that, 
at each level, the river swung to and fro a great deal, 
always eiitting slowly downwards. 

On each side of the river, as before remarked, there 
is a gentle slope upward to the "divide" oc ^^s.'E'^tAau 




la mtmt few CSMC* vixrv » AMSB fcas h -nmr-wumi 

ia a eovotry vhe-rc ihe nin&ll b Isnic, and Uieo flovs 
(fatiHig^ a npiMi wIktc then is seaux-t-lr aaj lain&U, Uie 
iidca of the streaun in the deaert n^,;iua h»Te no chance 
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ColuRulO CllfLOU. 

Ui lie cut ilnwn, so tlio river carves out a very deep traolc, I 
tliniiiKli wliitili it flows. Thu hest example of tbia in the I 
wrlil iii Hid K''"i^'' ('olomdu Ciiflyn, where the river, ] 
'If' I'l''' lit "■•* lioud-wnti!r« in the Rocky Mountain 
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try. where it has carved out a very deej) bed with walls 
thousands of feet high on either side. 

In a few cases we have ^alleyi such ai the famous 
Yoaemite, where the trough through which the river flows 
was probably made by the fricture of the ro ks by faults 
with the down-sinking of the region in which the vdllev lies 

Sometimes, as in the case of the Connecticut the Mem 
mac, and other rivers of New England the rivei vallev is 
first carved out by a river, and then becoming the pith 
way of a glacier, is widened by the ite stream In this 
way, many email mountain valleys whi h aie ut into \ 
shaped trenches by rivers, l 
have been changed into U- 
shaped valleys by the wider , 
streams of ico that filled them i 
in glacial times. This is be- i 
cause the swift-running br()ok 
cuts, at any one time, only 
the narrow space, perhaps ttn 
feet wide, of its bed. The ; 
slow glacier moves, say, tliree t i *■ ^ i- k lu^byie 
feet a day, while the living water flows, say, sixty miles 
a day ; so the glacial stream is necessarily a very wide 
and deep one, and grinds a broad channel. 

We may close our glance at river valleys by statuig 
that they represent the great erosion work of the world. 
They are the result of a force that comes to the earth 
through sunshine, and acts through running water, work- 
ing to bear away the sediment fitira the land into the 
sea, where it uuiy lie made to nourish life, and to form 
new strata in the sea-floor, — strata which are, it may be, 
destined to rise again 'n\U> lands, to be again subject to 
^^^^^Viar uf the streams in ages to covae. ^J 




. Bt'witlcH the valleys carved out by rivers, and the forecH 
that prt)<liice laltee, there are some grpat valleys that 
have been shaped bj the action of the ocean tides, while 
the lands were under water. Although these sea-carved 
valleys) are i-are, it is wortli our while to study them, as 
they give ua an idea of the way in which wearing goes on 
upon the ocean shoi-e and ou the bottom of the sea near 
the land. 

The winds and waves which the sea sends against the 
shore have no jiowei' of cutting valleys. They batter 
the shore most effectively on the headlands. Their waves 
weaken as they enter a bay. Thus, in time, they tend to 
bring the (!i)tt«t to a straight line, by wearing off the head- 
lands, and filling the waste intt» the inlets between tJie 
proniontflries. Tiie tides, however, work in the reverse 
way. On ttie shores of the ocean, twice each day, there 
is flora the deep a rush of water that passes up every 
indentation, stirriug up the mud, and mixing it with 
the water. As these lideB g(j out, they drag back this 
dissolved sediment, and draw pebbles along the bottom 
out into tlic open sea. Now, these tide-waves, unlike the 
wind waves, rise much liigher in the beads of bays and 
gulfs than they do on the shore; and, as the force witi. 
which they scouj' away tlie bottoms of the bays depends 
on the height to which the wat«r rises with each tide, the 
effect of tidal action is often much greater in tlie upper 
part of bays than at their mouths. Thus, the Bay of Pun-' 
day, between Nova Scotia and New Bi-unswick, has a 
tide of about twenty feet at the mouth, wlule the water 
rises as much an sixty feet in the interior or innermost 
part of the bay. The reault is that the tides cut awsy 
the rocks at the liead of the bay with far more itii-ce 
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In this way it- comes altuut, thiit wlierever tliere uie 
strong tides, thej tend to cut nut and deepen the bays 
along the shore, by the ceaselesH nishing of their waters. 
Shores with strong tides are in this way alnioBt always 
much cut up into inlets that afLbrd good liarbors. 

Some of the finest inatanees of tide-cutting are found 
along the British shores, where the tides are generally 
strong. The channel which separates (Jreat BritJtin from 
France and Holland has doubtless been cut through by 
the tides. The mouth of the Thames and of the Severn 
have been greatly scoured out by the same action. The 
Chesapeake and Delaware Bays, on our own coast, are 
pi-obably due to this cause. Wherever these old tidal 
I bays are elevated above the sea-level, they appear as 
very broad valleys through which a stream flows. Gradu- 
ally they are changed in shape until they look much like 
river valleys. For a long time the steep cliffs on either side 
show the action of the sea ; but gradually these are worn 
down, and we can no longer tell that the vaUey was formed 
by the tides, 

As the sea is constantly rising and falling along the 
lands, it is likely that the lower parts of all onr lai^e 
streams have bad their shape in part determined by the 
tidal forces. We can see the marks of this work near the 
mouths of the Counecticiit, Hudson, Delaware, and all 
the more northern rivers on the eastern shore of this con- 
tinent, as well as the northern rivers of Europe. 

This tidal force conies npcui the eaith from the attrac- 
tion of the sun and moon on all the matter composing the 
earth. The laud is too rigid to give way to the impidses, 
but the fluid waters swing in the broad waves of the 
tides. 

waves produce on\y a lew seoVo^cBly^^gja 
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of importance. Besides cutting oat the bays along the 
shore, they, by their currents, carry a good deal of sedi- 
ment from the shore, and lodge it on the bottom some 
distance out to sea, forming a broad under-water shelf 
along the coast. 
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Jf'iy,6]. Chaiiiiels cacved oat by Tldea. 
The currents that the tides produce in every part of 
the oceans serve also to feed many forms of life that are 
fixed to the bottom of the sea, and, therefore, unable to 
seek their food. As the waters drift by them, on the 
tide, they can grasp it with their tentacles, and carry it to 
their moutha. 



Among the inost beautiful featurea of the lands are the 
akes. It is rather because of their beauty, than because 
iliey are very important features in the mechanism of the 
iarth, that we shail give a brief account of them. They 
ire very interesting to the student of nature, for the reason 
thHt they show many curious wpys in which the forces of 
earth and air have worked to produce the form of the lands. 
First, let us notice that lakes are very irregularly scat^ 
tered over the earth's surface : there are certain regions, 
Buch as New England, where the land is sown with them; 
indeed, the whole of North America down to the latitude 
of about 40° abounds with them, while south of that region 
they are very rare, indeed; so that, while Massachusetts has 
several thousand, eountijig those above an acre in area, 
there are many Southern States that have hardly a single 
water basin that can fairly be called a lake. 

Lakes are so different in their form that they have only 
one common character ; they are basins containing water 
separated from the main seas, so that if there is any water 
connection at all with the ocean, it is by meaus of a river. 
We may divide these land water-basins into two great 
classes of salt lakes and fi-esh-water lakes. Nearly aE 
lakes are fresh, but here and there we find basins contain- 
ing very salt water. These salt lakes are always without 
any outlet into the sea ; the reason they do not fill up the 
basins in which they lie, and overflow into the ocean, is 
that the streams that feed them cannot make Uaaji ^&VQ%t 
1 the sun brings aVtout, — \3b&m'«^ 
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steams away into the clouds as fast as the rivers bring it in. 
If the rainfall of the region about our great American lakes 
should gradually diminish so that it would amount to only 
one-third of what it now is, the Niagara River would shrink 
gradually, and in the end no longer flow over the falls. 
Then the water in the basins of Lakes Erie, Huron, and 
Michigan would still further shrink until the evaporation 
from the remaining surface just equalled the amount the 
streams sent into their basins. In this shape their waters 
would slowly cease to be fresh, and in the course of ages 
they would become Salter than the sea. This is brought 
about in the following way: Ever\' stream flowing into 
the basin carries a little of the various salts that make 
the sea-water saline ; when this w^ater dries away in the 
l)asin, the salt is left behind, for such substances cannot 
go aw ay with the watery vapor. The result is, the water 
filially comes to have more salt than it can hold, and this 
extra charge is laid down in crystals on the lake floor. 
This is the way in which the great beds of rock-salt have 
been formed, such as are found in many ancient rocks. 
Wherever these thick beds of rock-salt have been formed, 
we inav know that the waters in the olden time have 
been completely evaporated by the sun; and this can oaly 
happen where basins of water are cut off from free connec- 
tion with the sea-water through rivers that discharge their 
waters into the sea, such as those which drain all our fresh- 
water lakes. 

Turning now to consider the ways in which the basins 
that contain lakes are formed, we perceive thiat they are 
made by different causes in different parts of the earth. 
In the regions north of 40° of north latitude, nearly all the 
^ikes have liad their basins cut out by the moving ice of the 

Mai time. The most oi t\ve \aV^^ oi^^^ ^\i'^a5iSic\fi2^^ 
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been formed in tliia way, or are due to tlie dams of gravel 
and saiul wliich the glacial streams have left across the val- 
leys. The aame is true of the lakes ui Europe, even aa far 
south aa those of Italy. It is not eaay to conceive just how 
the ice acted to dig out basins 
in the rock but ifweexim 
ine the ground beneath i j,l i 
eier, as we niiy do in ni'in\ 
places, we flnl th\t the u 
eats the soft rotk iwav h i\ 
ing the haidei when th 
glaciei disippear the uitici 
of rock i*" left with holkws 
upon It, which form little -^■''■''■^' KoekandUadm. 
lakes, until they become filled up or have their boundary 
ridges cut through by streams. 

Wben the great glacier of North America passed away, 
it left the surface with thousands of these rock basins 
upon it. 

The greater part of them have become filled up, but 




many still remain ojien. Then the rubbish of the glacial 
jwriod made dams across many hollows, or its surface \ 
irregular, enclosing valleys in which lakes gathered, as 
shown in the figures. 
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The very irregular surface given to the land by the ina- 
aetion of a glacial period may be seen by looking at aiiy 
of our nurthem shores from Boston to Greenland or in 
Scandinavia. We see that these shores are fringed with 
islands, and cut into innummerable bays. This is be- 
cause the surface of the land has been made so irregu- 
lar by the grinding of the iee. If the sea had made its 
shore in any part of the continent of North America north 
of the great lakes, it would have much the same i^regula^ 
ity of coast. On looking at a good atlas of the world, we 
notice that those northern shores which lie in regions 
ground over by the ice during the glacial period generally 
have these irregnlar shore-lines, while those of regions near 
the equator generally have straight coasts. Another way 
in which lakes are formed is this; A great part of our 
little-changed,stratif]ed rocks are easily dissolved by water. 
Limestone beds, or beds containing rock-salt, etc., melt 
down and are dissolved by the long-continued action of 
water. We see how this conies about if we study the 
shores of such a basin as Lake Ontario : the waves beating 
against the shores break down and grind up the soft rocks; 
the lime and other easily dissolved substances mingle with 
the water and pass away to the sea ; the quartz or sand-. 
grains partly dissolve and in part are washed away intO' 
the deejjer water of tlje lake. In this way, all our great 
lakes are increasing their surfaces and diminishing their 
depths. 

Although this is rather more a means of enlarging than of 
creating lakes, it is likely that some of the great lakes of 
the world have originated by this dissolving action of waters 
acting on beds of rock-salt or other easily dissolved mate- 
rials. 
_ There ia a third way in w\iViAi\B.VeaTt\a.-j\i& W; 
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the lauds rise above the sea, they often have deep poclceta 
or basins in them, wliich, when they are lifted abuve the sea- 
level, become lakes. If the ramfall of tlie country is large, 
these basins will have more water pouted intu them than 
can be evaporated by the sun; so they will flow over at the 
lowest part of their edge, and, in time, their salt water will 
be washed out of them, so that they will be fresh-watei 
lakes. If, on the other hand, the rainfall is too small to 
fill the basin, then it shrinks to a lake without an outlet, 
Bueh as the famous Dead Sea of Syria, or the Salt Lake of 
Utah. 

In some cases the lake is formed by the rising of a moun- 
tain across the path of the stream ; generally the mountain 
grows 80 slowly that the stream keeps its way open, but in 
some cases the mountain lifts too fast for this down-cutting 
of the river-bed to keep pace with the uplifting of the dam; 
then a lake is formed, which, in time, is drained by the 
deepening of the stream bed, 

These seas of the land, however formed, are but tempo- 
rary things; all over the lands we find the floors of drained 
lakes ; they abound in the desert regions of the Rocky Moun- 
tains, in Switzerland, and elsewhere. We may look forward 
to the time when all the lakes that now exist will either be 
filled up by the rivers that flow into them, or drained by 
the cutting down of the beds of the streams that drain away 
their waters to the sea. But new glacial periods will doubt- 
less create new basins, and others will be made by the dis- 
solving of the rocks, or by the irregular rising of mountains 
or the binds ; so that, as long as the world endures, theso 
Ltiful features of our landscapes will doubtless exist. 
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MOVEMENTS OF THE EARTH'S SUBFACS. 



LESSON I. 

EARTHQUAKES. 

TpORTUNATELY for the life the earth bears upon it,itd 
-^ surface is generally so steady that it merits the name 
of terra firma^ the firm-set earth, the ancients gave to it ; yet 
at times this earth's surface is rudely shaken by those jars 
and tremblings we call earthquakes. It is doubtful if the 
reader has ever felt such a quake, because in the greater 
part of North America as well as Northern Europe they 
are very rare, and usually so slight as to escape notice ; a 
little rattling of the window panes, or a slight swaying of 
things hung by cords from the ceiling, being all that com- 
monly tells us that accidents may happen within the earth 
that disturb it^ usual quiet. But in other lands these 
shocks are much stronger, and produce the most wide- 
spread destruction of life and property. 

The best way to get an idea of the power of such shocks 
is to take the history of some great earthquake, and see 
how it affected the country it ravaged. For this purpose 
we will take first the earthquake of 1765, which in good 
part destroyed the city of Lisbon, in Portugal ; not I^cause 
t^ ' * ^'v any means the most violent or the most diestruo- 

oi the many thoMsaiA ^x^^.\, ^^O&e* 'Csa^ %x» 
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Tectircled, but because it shows the diflfeveiit mrts of acci- 
dents that may hajjpen in suoli cunvulsious. 

On the first of November, 1755, without any previous 
■warning from the lighter shocks tlmt often foretell the com- 
ing of a great earthquake, a noise as of loud thunder was 
heard within the earth, beneath Lisbou, and with it came a 
convulsion, which in a few minutes laid the larger part of 
the city in ruins. Out of » population of about two hun- 
dred thousand [lersons, over sixty thousand perished. Then, 
as often in great shocks, a portion of the city built on the 
hard rocks escaped the worst ravines of the earthquake, 
while the other portions, built on clay, were reduced to 
heaps of rnbbish. Thousands of the people who had 
escaped from the falHng buildings took refuge on a great 
marble quay, or landing place, on the banks of the river 
Ta^a, where they were safe from the falling wsJis..' Sud- 
denly this immense sti'ucture went down below the waters, 
carrying the crowd of people with it. None of the bodies 
ever rose to the surface; and, when the place was sounded, 
veiy deep water was found to occupy the site where the 
I quay had stood. To complete the work of destruction, 
; there came another of the calamities that often attend 
earthquakes on the oceau's shore. The sea slowly retired 
for a long distance, so that, iu an hour, parts nf its bottom 
I never uncovered before were bared. Then mth a roai' it 
; came back, in a wave fifty feet iu hisigiit, that swept over 
the ruins, giving a speedy death to many of those who had 
been imprisoned in the falling houses. The shijia in the 
harbor, which had been saved fi-om the evils of the earth- 
quake itself, were dsished to pieces iu this rush of wateis. 
Thus, in this eartliquake, we have the three forms of (Lin- 
jger which these calamities may bring to man: the shud- 
EJ^A^a^^vjetoent of the gi-ound, t\\c e\\gft\?vn^ «1 \a."*ai " 
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^■e surface in fi^Biires or rents in the earth, and tlie form- 

^Hj of vast waves in the sen which roll in great tloods into 

^Be streams. 

^P This shock, though it did the most damage at Lisbon, 
and hence lias received its name from that city, shook a 
portion of the earth's surface larger than four continents 
such as Europe. In Morocco, a towu with over eight thou- 
sand people, is said to have sunk into the earth as aud- 
denly as the quay at Lisbon. Even in Scotland the wat«ra 
of the lakes swayed to and fro as the earth swung beneath 
them. The hot springs at Toeplitz, in Bohemia, c 
for awhile to flow, and then burst out again in torrents of 
discolored water, showing that the deeper part of the earth- 
there ha<l been strongly shaken. Far out at sea the ships 
felt the shock so strongly that their seams were opened, and' 
the men were thrown down upon the decks. The disturb- 
ance (if the ocean reached farther than the «hock itself. 
The sea roUed in great waves on to the ahores of Madeira, 
and even in the West Indies it rose twenty feet above 
its usual level. There can be uo doubt that all the wateiB 
of the Atlantic north of the equator were swayed by tii6 
shuck. 

It is likely that in this earthquake more than one hUB* 
dred thousand people perished outright, and that thousands 
died from the famines and pestilence that followed from- 
it; so that in this convulsion more human beings perished 
than in any battle. 

We will now turn to another earthquake which happened, 

in the Island of Jamaica in 1692, which shovra us c 

otiier effects of these shocks which are not so evidentjli. 

the Lisbon earthquake. This beantil'ul island was the ft 

3 prosperous colony whioli had a wci " ■ ■ 
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^^Ip tliis prosppiity the earthquake of 1692 struck a fatsil 
I blow. In thin series of shocks the ground, was swept to 
I and fro in a succession of waves. On the ridges of the 
earth-waves cracks opened, and, as the wave rolled on, these 
fissures closed again. People were engulfed in these 
I chasms: many disappeared entirely; others were thrown 
out again ; yet others were left partly buried, but squeezed 
to death in the jaws of the fissures. The buildings over 
the water sunk down in a standing position into the sea, 
and were long visible, with their tops many feet below 
the surface. More than a square mile of land around the 
harbor of Port Royal was thus carried below the sea. Tlie 
in-rush of the sea carried a frigate over the tops of build- 
ings, and left it on the roofs far from the shore. 

This ruin along the shore was ei^ualted in tlie interior 

of the isliind ; though, owing to the fact that there were no 

lai^e tnwua, there the loss of life was not so gi'eat. The 

whole surface of the earth was so moved that the soU on 

the hillsides slid down into the valleys ; the rivers ceased 

for a while to flow, they were so blocked by the landslides. 

When they broke through these masses of earth, they ran 

for days a tide of nrnd intermingled with timber from the 

land that had slid down into the streams. The lofty Blue 

Mountains, which the hour before were covered with ver- 

I dure to their summits, were terribly shaken and rent by 

I the convulsion. After the shock they appeared half bare 

from the landslides that had carried the soil into the valleys. 

Tlje United States, as before remarked, is mostly free 

from earthquakes. There are only four regions in it that 

have ever been visited by shocks of much violence. One of 

these is in New England ; another, in the Mississippi Valley, 

I just below the mouth of the Ohio ; a third, on the coast of 

LO^^g^ tbefouTth, in the eastein part oi?)Qii'0&^*w>S&o»~ 
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III New England, tliere have been three pretty strong 
earth(|uakes : tiio lirst in 1085 : the second in 1727 ; the 
tliiid in 175o. Of those, tlie last two were very violent. 
That of 17'27 hiijted for several yeai's, and principally 
affected the region near Newburyport, Mass. It was a 
very curious disturbance ; for, while the shocks — of whioli 
some hundred were felt, in the course of four years — were 
at lirst violent, they soon became slight. The strange 
feature was that, with each, there came from the earth sl 
wonderful tiiundering, or bellowing noise, loud enough fco 
slarth} jx'ople from slee[), even when they had been long 
used to it. Many believed that it was the Evil One him.- 
sc^lf, raving in his empire l)eneatli the earth, and threaten- 
ing to burst it asunder in his rage. We shall consider 
tiie cause of tliis noise at a later point in this chapter. 

In November, 1755, occurred the greatest earthqualce 
that ever was felt in New England, since the white men 
came to the country. This came as a single strong shoofe^ 
which was uKjst violent at and near Boston, where it thre^vv 
down a great many chimneys, and for a minute or so ws^ 
so strong that people could not keep their feet. Ne^vv 
Ihigland had then mostly wooden buildings, so that tb© 
destruction of property was small ; but such a shock ^^ 
this day would be very dangerous to life, and would caui^^ 
a vast destruction of property. In that day, chimne^T^ 
were about the only structures likely to be damaged hy ^* 
moderately strong shock. 

The Mississippi Valley has had but one great eart;!^'* 
(juake, a succession of shocks, which began in Novembe^' 
1811, and lasted until 1813. The first of these quak^^ 
was so strong that it probably made more than half tt».^ 
continent tremble for some minutes. The shock was i&l^ 
in Florida^ New York, M.vcii\g;a.xi, ^.n^ >Jcvft "^^-^^^ Isuiio^* 
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Then ciime, from il;ty to ilay, successive slunjlis, wliiuh 
constantly shook a les3 wide extent uf country, until there 
wereonly a few square miles of land thiit trendded sit the 
eud of this time of trouble. The woi-st effects of the move- 
ment were felt hi the region for one hundred miles south 
of the place where the Oluo River entere the Mississippi. 
In the first shock, large parts of this region sank down 
to the depth of several feet below the former level. Into 
these sunken lands, which occupied many hundreds of 
thousauds of acres, the Mississippi poured iU waters in 
such a flood, that for some hours it ceased to flow towards 
the gulf, but ran back towai-ds its source. The ground 
opened in imtny places, 8£Xiuting up jeta of sand and water 
above the level of the forest. As the shocks went; through 
the forests, the trees bent over and locked their tops into 
those of others, or beat their branches to pieces in luutual 
blows. The hivf, strong log cabins were shaken to pieces ; 
and, to protect themselves from the constantly opening 
and closing fissures, the people cut doAVii trees, so that 
they fell across the path of the rents, and on these bridges 
they built sheltere, in which they liveil for months before 
the ground became steadfast enough to be trusted again. 

So great was the ruin of the land, that tlie government 
waa compelled to help the people to find new homes in 
districts where the earthquake had not done such damage. 
To this day there remain many mai'ks of this earthijuidie, 
though near tlu-ee- quarters of a century have passed away. 
Reel Foot Lake and Obion Lake, largo sheets of water, 
were formed at that time. Many of the trees which were 
standing on the submerged land still lift their blasted 
trunks above the water, or are visible below its siu^ace. 

The earthquakes of California have been numerous and 
w only one that l«d, to atvy iea^ivk.c'a.QXv o'^X-Sa 
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OCciimMl iit Santa Biirbara, in 1811, or at about the 
time iis tlie MisHiBsippi Valley earthquake. There have 
been many dreailful shocks iu Central Amt-rica, bat, 
whole, tlie continent of North America has I'ared better 
than any other of the great lands except, perha[>s, Ans- 
tralia. The worst regions for eaitht|uakea are found ii 
the west and north border of South America, aouthen 
Italy, Asia Minor, and parts of Central Asia, parts of 
the East Indies, Japan, and in New Zealand ; while iit 
northecn Europe, Australia, South Africa, and Brazil, they 
rarely happen. But every pai't of the eailh is subject to 
slight shocks. 

It Wiis onue supposed that there was some relation 
between earthf^uakcs and volcanoes. This idea came from 
the fiict that every volcano, while in activity, trembles 
with repeated shockB ; sometimes it sLuildera for days and 
mouths. But there are many regions, as New Euglaiiil, 
where there are no volcanoes within a thoiisand miles, y 
strong earthquakeB here occurred, 

In trying to understand the cause of earthquakes, \ 
shoulil fust notice the theories that throw light on thci* 
nature. Experiment shows us that wo can make small 
earthquakes by exploding gunpowder underground, or ii* 
any way Jamng the earth, which are just like the great 
sliocks iif everything but their size. Careful study has 
shown us that all earthquakes are of the same nature aS 
the jar we can give a table when we strike it a blow with 
a hammer or with the clenched hand. If we throw i 
stone into a pool of water, we see that a little wave roll 
away in circular, ring-like wrinkles. This is somethinj 
like an earthquake wave, only it moves very slowly, an 
An eiu-thtjinike wave very rapidly. If we strike the 
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more like an eartliqu.ike wave. Tf we strike the end of a 
long timber with a hammer, a person holding his hand on 
the other end feels a jarring motion eome to him from 
the timber. This is exactly like an earthquake shock. 
In the pool, the drum, and the stick of timber, a wave 
flies through the body, but the wave differs in its character. 
In the pool, the wave is only on the surface of the water: 
"but in the timber it is all through it ; every particle of the 
timber strikeH agiiinst every other. If we took a sphere of 
timber or of metal, and struck it in the middle, the waves 
would run through all parts of it, and give a jar over the 
whole surface. Now, an earthquake is a jar or wave of 
just this sort that moves through the earth. It may be 
made in any one of many ways. We have seen that the 
rocks under the surface are often pressed strongly to- 
gether, as in the making of mountain ridges. As these 
ridges rise, the rocks slip over each other, making a jar, as 
when we drag a table over the floor ; or they break, form- 
ing what are called faults, which we know cause jars and 
tremblings. When melted rock is thrown into fissures, 
forming dykes, the fractured rocks are struck as with a great 
hammer by the inrush of molten rock. When the steam 
and other matters that escape from a volcano force their 
way along underground, they cause the rocks to expand, and 
make sharp movement.s, like steam-pipes when the ftot vapor 
is let into them. Aa this heat dies away, the rocks contract, 
as the steam-pipes do when the steam is shut off. In all 
these, and mauy other ways, the earth is subject to sudden 
blows that give us earthquakes. We will now see more 
closely hfiw an earthquake behaves. Let us suppose 
that, in the diagram, the earthquake starts in some sud- 
den blow at a, and runs in all directions to the surface of 
^^^^iere will be many 6\\oc\ia I-coto. ow% '"^^x\ 
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juHt as, when we strike a (.tnini-bead, or twang a guita^ 
string, there will be many waves follow the one move- 
mont. These successive waves are indicated by tie lines 
<! c' e'\ etc. Now, wbei-e a man is standing just over the 
shock, at n, it will come straight up beneath bis feet, and, 
if it is strong, he will be thrown vertically up into the ait, 
from a few inches to many feet in height. When he ie 
standing at c' or c", he will find his feet pulled forwffld, 
and his body will be thrown to the ground. If there are 
tlire« buildings, one just over the shock, as at c, and the 
oUiei-s at c' and c", that at e will probably have its walls 
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left standing, but the roof and floors will tumble into the 
cellar. Those at e' and e" will have the walls that are »' 
right angles with the shock thrown down, while the walls 
j>iirallel to the line in which the shock runs will probably 
remain stitnding. 

Just iis the waves ]iiade by a splash in a pool run out. 
just as the jar given at one end of a long timber becomes 
feeble at the further end, so earthquake shocks wear out 
in running through the rocks of the earth. This causes 
the shocks to become more and more feeble as we get 
&rther away from theT)\iuie "w\vfcTft ft\e^ R\a.i:t, 
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On the land, the effects of an partbi[uake shock are very 
^at; but in the sea they are even greater. The shock 
IdlU many animals in the sea. We often find the sea, near 
where a great earthquake lias liappened, covered with dead 
Sshes, which have been killed by the blow they received 
through the water. We can imitate this by exploding a 
imall charge of dynamite below the surface. The blow it 
jives is just like that which comes through an earthquake. 
This blow also seems to stir np tlie mud of the sea-fioor, and 
^is mud kills many animals. Then the earthquake lifts the 
lurface of the sea over the place where the shock starts, and 
I wave rolls away from this place which may be strong 
enough to cross the widest oceans, and often rolls on the 
Land in a prodigious breaker sixty feet or more in height. 
It is this wave that so often sends shij^s far inland, as 
in the earthquakes of Lisbon and Jamaica. In the earth- 
quake of 1746, which ravaged the west coast of South 
America, a Portuguese man-of-mar was carried for a 
distance of three miles inland, and left stranded, though 
but little injiu^d. Within twenty-five years, several ves- 
sels have met with this strange fate. This great wave, 
though without power to harm the life of the deep seas, 
is very destructive to all the creatures that live on the 
shores, grinding them up, and mingling them with the 
mud. 

When we look over the history of earthquakes, they 
Beem like very cruel agents of destruction. Next to hat- 
EleA and famines, they are the greatest life-destroyiug 
xccidents that can befall man ; and, among the lower 
Inimals, they are, perhaps, more destructive than any 
rther sudden convulsion of nature. But, when we con- 
sider how slight and seldom are the shocks of great 
nirtiya power, compared with ftve ^Q&t Nia^ '&"'aS&i- 
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fng mountains, forming volcanoes, and otherwise mamtam< 
ing the activities of tlie earth, we must regard them as very 
trifling accidents, and rather wonder at the slightness 
their effects than regard them a» unnecessary convulaions, 
Everywhere, and at all times in the world, we see sucli 
destruction of individual life ; yet the life as a whole goes 
onward and upwards as steadily as if no death 
about from the working of the great machinery of thft 
earth. The Power that rules the world evidently does 
not regard death as an evil to be avoided; everything 
made quickly to die, that better life may follow it ; and, it 
we accept death as in the order of nature, the destruction 
of life by earthquakes, volcanic outbreaks, storms, and all' 
the other violences of the earth need not shake our faith in 
the merciful plan of all things. 
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CHANGES IN THE SHAPE OF SEA AND LAND. 

Although the continents are the very firmest thing we 
know in nature, although there have been no great changes 
in the shape of land and sea since the earliest human his- 
tory, we must not supixtse that the lands endure very long 
in one shape. We know tliat in the long ages of the past 
very great changes have come over them. All the roeka 
that we know in the world have, except possilily some of 
those thrown out by volcanoes, been formed on the bottom 
of the sea, which is in itself enough to prove that all our 
present lands have been sea-floors. We find fossil sea- 
shells on the tops of our highest mountains, and there is 
hardly a place in the world where we are more than a few 
miles from rocks containing the remains of some animals 
that have lived on the searfloor. 

The changes in the shape of the land take place so 
slowly that we cannot recognize many of them within the 
time of human history; yet, along one coast, which has 
been known for some hundreds of years, viz., that of 
Sweden and Norway, the shore is in places rising as fast 
as three feet in ones hundred years. On the west shore of 
South America, during the great earthquake of 1822, the 
shore for some hundreds of miles rose suddenly by four 
feet or more. Many other cases of such changes could be 
mentioned, but they only show us how slowly accumulated 
modifications can affect great changes. A few such lifts as 
that on the Chilian shore would greatly alter the form of 
a continent, especially if they took place on a shore along 
^^^^e^as not very i 
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Besides these alterations that come from the up-Uftio 
tiT tlowii-siiiking fif the lands, there are slower-goin 

Pohanges, due to the wear of the sea and of the riven 
The watei' that falls on the country drained by the Missia 
Bippi wears away about one foot of its rocks in every seven 
thousand years, and bears the waste into the sea to form 
,new rocks on the searfloor. Taking all the river-basins a. 
the workl, or, in other words, about all the surface of tin 
land, \vc have an average down-wear of about one foot 
in three or four thousand years. Tliia seems slow; yet 
when we consider that in the life of the earth a thousand 
years is but as a day, or, better, an hour in our own liyea, 
it is really a rapid weai'. 

Then the sea too does its work of calling back the land* 
to its depths. Beating against the shore, it underniinen 
cliffs and grinds their fragments to powder, which the cur- 
rents easily bear away into the depths. When the coast » 
not faced with very hard rocks, it often cuts back at tha 
rate of several feet a year. In England, for instance, 
whole townships, that once bore many vill^es, now lie 
buried beneath the sea. 

Tliis work of wearing away the rocks is mainly due W 
the action of the sun's heat. It sets in motion the wini 
that raise the sea waves, tmd it fills the winds with watei 
that fiiUs as rain ; but, though it is a work of destructioa 
it is jUso a work of preparation for lands that ai'e in tirafl 
perhaps to be lifted above the sea in their tui'u to boar Ufe. 
The most important effects of these changes of the lands 
are found in their action on the destruction of life ovffl 
the earth, and in the course of the sea-currents, those great 
barriers of heat from one pail; of the earth's surface to 

^another. We can best underwtaud these effects by coft* 
what would liav^eTi ^1 "i^a "VsJCom^^^ 
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is but a slender, low bit of land, were to bo deeply 
■Ut^merged beneath the sea. The animals now living in 
the sea-waters on either side of this isthmus are yery 
different from each other, hardly a species being found 
both in the Caribbean Sea and in the Pacific Ocean. If 
the isthmus were buried beneath the sea, these animals of 
the two seas would ho brought into contention with eacli 
other. Many animals now limited to tho Atlantic waters 
would extend into the Pacific, and many unknown in the 
Atlantic would destroy those from the Pacific waters. Many 
of the weaker kinds would be destroyed by their stronger 
enemies, and in a few years the life in either ocean near 
tho isthmus would be greatly changed. 

If the downlinking in the Central American district 
were carried so far as to lower the northern [lart of South 
America beneath the sea. converting it either into open 
water or into an archipelago, then the great current that 
becomes the Gulf Stream would no kinger flow into the 
northern Atlantic, but would pass throngh this gap into 
the Pacific Ocean. The result of this would be that 
northern Europe and the most of the United States would 
become too cold tor the life of man, while the tropical 
regions would have their heat increased. This instance 
wUl give an idea of the effects that may come from lower- 
ing lands beneath the sea. 

Now let us tuni to Asia, and imagine what would be 
the effect if the string of islands, that nearly connect that 
continent with Australia, were to rise higher above the sea, 
80 that the two continents were connected by a continuous 
land bridge. In this case the effects would he these, viz. : 
the currents of warm water that now pass from the Pacifio 
Ocean to the Indian Ocean, through the straits between 
fewe islands, would, when barred out Itoto. \ 
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Ocean, turn northward and southward towards either 
pole, carrying more warmth to the cold regions of the 
earth and diminishing the heat of the tropics. The con- 
tinent of Australia has hai'dly any quadrupeds except 
ereatiu-es akin to our opossums, such as the kangaroos 
an^ the like, animals that carry their young about in 
pouches. Of these animals, there are over one hundred 
species living on that land. All these creatures are mucSi 
weaker than the quadrupeds of Asia, As soon as this 
bridge across to Asia were formed, the tigers, leopards, 
and other beasts of prey would pass south to Australia,] 
and quickly exterminate the kangaroo tribe, while tb«r 
place would be taken by the stronger or fleetet^ootett 
elephants, buffaloes, and deer from Asia. 

We know very well that just such changes of lev^ of 
sea and land as we have imagined to occur in these ^th^ 
muses and archipelagoes of America and Asia have vwy 
often happened in the history of the earth, so it is fair to 
presume that they may happen in the future. 

It is hard to conceive this constant up-rising and down- 
sinking of the sliore ; but, if we will consider the matter, 
we shall see how it must often happen. The shrinking of 
the earth's interior, from the constant cooling, is constantly 
causing its surface to wrinkle, deepening the sea-troughs 
and lifting the lands into the air. The river,';, the 
waves and the tides are always cutting the land down 
to the sea level. Broad surfaces of the sea-floor in the; 
great oceans are sometimes sinking, which serves to draw 
the water away from the other seas, lowering the level 
of the shores : again they are rising, causing the waters 
to rise along all the sea-coasts in the world. When 
gincial period comes, a great deal of the water which now 
ja the seas is taken out ai\4 ^lei^eiX i*s "^wa o-b,. ' 
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about the polei, and thia lowers the level of tlie sea ; 
when the glaciers inelt, thus water is returned to the 
deep, riisiiig its level again Thus »e see that there are 
abundant reasons for i change in the lieight of the Bea 
along the lands 

These changes do not seem ever to destroj any of the 
continents From time tu time their shapes change, but 
the greater hmda seem to have been constantlj growing 
ever tsuice the earliest times in the eaith a hiutjiy 
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THE WOltK or urn OS THE EARTH. 

T first sight, it may not seem to the reader that the 
animals and phints of the world have any very close 
■elation to its structure. — that they have any suffident 
claim to our attention when we are considering the geo- 
logical history of our earth. This, indeed, was the old 
(way of looking at the realm of animated nature; but, the 
more we know of the earth'a life, the more clearly we 
|)erceive that tluH life, both inorganic and organic, is bo 
I bound uji together that it is all one in its work. 

[ The life of the world eame out of the earth by lawa 

I which we do not understand. Every creature exists hy fith 

ting it*elf to the physical forces about it, and when it dies. 
itH duHt goes back to the soil. As far as its botUly parts are 
concerned, each creature in the world is but a bit of earti.' 
that hiiM become for the moment filled with the forces of 
life. All the work of its body ia determined by laws of the 

heartli'H matter from which its body iy formed, and of which 
it always remains a part. 
The force that impels these animated things is derives! 
■ten their food ; which, in the plants, is either the minerai 
Biter of the soil and the carbon in the air, or, in 
H ttf tiie ttiiimals, it ia ike ■>je^e.U\i\B V\a^iS.iiTO. S3oa!(.' 
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plies the food directly in the herbivora, or at secniid hiiiid, 
as in the cai'nivora. This force is given to the plants by 
the action of the sun's heat ; by it the plants separate the 
carbon from the atmosphere, and build into their bodies 
the mineral substances obtained through their roots, 
These fchinga the plants consume, and obtain thereby the 
solar force that the plants built into their structures. 
In tliis way we may say that plants, and the animals 
which they support, owe their life to the same force that 
sets the winds or the rivers in motion. 

We should notice, alsp, that the animal and vegetable 
life of the world playfl'*'ft',very large part in the working 
of the earth's machinery^ '^^'he land plants protect the 
lands, from the rain, which would rapidly wear away their 
surfaces but for the covering the plants afford. The car- 
bonic acid which these decaying plants furnish to the 
water give it a great power of dissolving substances of 
many kinds, and so aids in the fonnation of mineral de- 
posits and the excavation of caves, as we have already 
seen. Plants and animals furnish a vast deal of material 
for the formation of rocks. More than half the rocks on 
the earth's surface owe their formation, in whole or in 
part, to the action of animal or plant life. All our coals, 
bituminous slates, and limestones are essentially the work 
of the living things of past times, and the greater part of 
otu" sandstones and other roeks are partly their work. 

We should also see that the greatest work of the earth, 
&om ancient ages, has been to afford the place on which, 
as ou a theatre, this life has played its part. We find the 
most wonderful proof of tlie earth's perfection in the fact 
that for a time, so long that our imaginations are too 
weak to consider it, it has been so well onlered that no 
emis have prevented the amifltt\a awiSL ^^xAa 
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steadily going forward in their development. Ten miles 
beneath the surface, there is a heat so great that no life 
could bear it ; ten miles above, a cold so intense that, if it 
should come to the earth, nearly all created things would 
immediately die. Yet for ages the balance has been so 
preserved, and the temperature of the earth has remained 
so near what it is at present, that these sensitive living 
creatures have not been killed, but have prospered from 
age to age. 

In this way we perceive the intimate relations between 
life and the world it inhabits ; we see that even the brief 
and general view of the earth which we are now taking 
would be too incomplete without at least a glance at the 
history of animals and plants. 
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f LESSON II. 

DIFFERENCE AND ItELATIONS AMONG LIVING BKINGS. 

When we look around on the beings that make up the 
kingdom of animated things, — the plants and animals of 
the world, — we easily see that they are in many ways akin 
to each other. First, we see that they all have some com- 
mon qualities. They are alive, they grow, they reproduce 
their kiiid, and iu due time they die, — actions which 
separate them widely ftoin the mineral kingdom. Then 
we see that the animals are pretty distinctly separated 
from the plants by the fact that besides their life, growth, 
etc., featui'cs which are common to both, animals have 
sensations, and show even iii the lowest forms signs of 
something bke will in their motions, 

Among animals, we notice a great many different degrees 
of kinship. We see, for instance, that all our common four- 
footed animals are akin to each other. Bulls, sheep, deer.and 
other horned animals are closer related to each other than 
they are to pigs, elephants, or horses. Crayfishes, lobsters, 
spiders, and insects are evidently, by their outside jointed 
structure, more like each other than they are to our back. 
boned animals. If we compare our own bodies with the 
lower animals, we see at once that our nearest animal kin- 
dred are among the ordinary quadrupeds, TIda matter of 
relationship may be by study carried much further, for we 
find that all animals are related to one another in varying 
degrees. A great part of the study that naturalists have 
given to living things has had for its object the determin- 
ing of those relations that exist among them. The result 
« that Wfi -figd Ihat these relationain^ iQa.y\ie g^-y^aw:^ 
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by what is called a system of classification. At first sight, 
tliis acliemi- of claasilicHtioii louks very complicated ; but, 
if we lijok at it carefully, we see that it rests on very aun- 
jile principles. A clear understanding of these principles 
may be had, if we take some other objects than animals 
and plants, and apply a system of classification to them. 

For this illuBtration, let us take the contrivances made 
by man for measuring time. There have been many differ- 
ent plana of accomplishing this end, which rest on the fol- 
lowing plans of working. First, we have the ancient water 
clocks, where time was measured by allowing water to 
drop out of a vessel through a small hole, A familiar in- 
stance of this mechanism is the sand-glass, where sand, 
slipping through a narrow opening, measures the time. In . 
these there is the conmion plan of having some particles 
of water or sand sli]! through a hole under the infiuence 
of the earth's attraction. They differ in the way of car- 
rying out the plana in the two inachines ; or, we may Bay 
that there is one plan of striicture in these machines, and 
two divisions, which we may conveniently term classes of 
structure under the plan. Then we have the sun-dials, 
where there is a very different plan, and two classes of 
methods of carrying out the plan. One, when the gnomon, 
or part that casts the shadow, is fixed ; another, when it ia 
attached to a magnetic compass, so that it inaj- set itseK 
at any time. Examining the structure of fixed dials, we find 
that sonietiuiea they are horizontal, sometimes. vertical, as 
in those that are placed against a wall. To these diviaons 
we may, as before, give any name we choose, but for con- 
venience we may term them orders under the class of 
fixed dials. Looking more closely at these dials, we find' 
jet further differences under each, — some of the horizontal 
djula are set up in columns, aa4 aomia mg,-^\aw«iqi|f^ 
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pavement. These differences we may, for convenience, 
term familiea under the order of linrizontal fixed dials. 
We may go still further in our division. In some cases, 
we see that the figures denoting the hours are printed on 
the dial ; iu other cases, they are ctit into its substance. 
These differences we may denote by the name genus, and 
we would make two genera of dials in each of the two 
families. By careful study, we should find that many 
such genera could be made. Finally, our examination 
brings us to groups of sun-dials which are all so alike that 
we cannot perceive any constant differences among them. 
They are of about the same size, ahape, color, etc. We 
may even suppose that they came from the same factory. 
These groujia we will term species. 

We can take the same course with the other and more 
varied plan of time-measurers, — clocks and watches. We 
shall find these classes, orders, families, genera, and species 
just as we have seen that they exist in sun-dials, only it 
takes more time and more study of iheir mechanism to 
make them out. 

This system of classification can be applied- to a great 
many other structures; indeed, to all forma of human 
contrivances where men have made many inventions all 
working towards one result. The reader can see that in 
instruments for aiding locomotion, such as ships, wagons, 
balloons, etc., or in contrivances for giving power, such as 
windmiUa, steam mills, water mills, etc., or implements of 
war, such as armor, arms, javelins, spears, swords, guns, 
etc., the same system of classification can be made. 
It will be more profitable for the reader to work these 
out for himself than for them to be described here j for 
the only aim of this classification of human products is to 
show the principle of the classificatiou vf\i\(i\\\'i ■a.-^-^VSai.Xa 
oatuTol objects, wiiicli otherwise is hari Xq \mA.e,Y*\a.vA. ■ 



When we apply tbi^ principle of deliniDg relationship or 
likenegti, according to its degrees, to animals and plants, 
we iind that it leads us to essentially the same result as 
when it is applied to human contrivances. There is al- 
ways something like a plan which naturalists sometime 
call a type ; different ways in which tlie plan is carried 
out, called cleu»e»; peculiar complications of it, termed 
ordert ; under these orders, variations of the general shape 
to suit diiferent conditions, called /amiliet; still othei" 
subordinate divisions, based on details of structure, called 
genera; and finally, the last division that we can make, 
whicli is commonly termed a gpecies. All these divisions 
rest upon differences in the ways in whieh animals adapt 
themselvcH, by tlieir {>eculiaiities, to the needs of their lite. 

Among unimals these divisions are clearer and more 
numerous tlian among plants, for the reason that animals 
have more definite and numerous results which they seek 
to attain than have the plants. 

Among aniraala, naturalists recognize several different 
plans of structure. The differences are in the general 
ways ill which the animals are built. These differences 
may be compared to the various sorts of time-keepers- 
In time-keejicrs there is one object, viz., to divide time 
into intervals ; but, aiuong animals, the creatures must 
do a number of tasks: they must noui-ish themselves^ 
protect themselves from enemies, reproduce their kind, — ■ 
all of which the plants do as well, — but above all they 
must have some mechanism of seusation, some fitness foB 
the work of intelligence, however low that intelligence 
may be. 

These plans of building animal structures for theii 
nanny uses are five or six in number. The protozoa, 
g. . — ffiiich group ia sometlmea te.NSAfiA\aj» 



the articulates, the mollusks, and the vertebrates. Some 
naturalists have made more than these divisions, but 
those given above are the moat clearly to be seen. In each 
of these groups there are two or more classes ; in each class 
several orders; in each order many families; and under 
each family many genera ; under each genua many species 
are ranged. It is not possible for us to trace these divisions 
here, — that would be a great task, — but only to give the 
reader some idea of the nature of the classification among 
animals, for that has often tu be set before the mind of 
any one who considers organized beings. To make the 
matter clearer, we will consider the way in which a natu- 
ralist loolca at an auiraal when he ia claasifying it. For 
this purpose we will take a common honey-bee as au ex- 
nmple of the work. 

JRir«(, we notice that the bee is a member of the organic 
kingdom, because it has, in common with the other ani- 
mala and plants, the powers of nutrition, growth, repro- 
duction, etc., — qualities that belong to all this gronp of 
natural objects. Second, that it belongs to the group of 
animals, because it has the means of perceiving seuaa- 
tions, and a share of that quality of mind that separates 
all animals from plants. Third, that it is an articulate 
animal, because its body ia built on the plan of many 
ring4ike segmenta placed one behind the other, like the 
worms, l^bst^rs, or cray-fishes, Fourth, that it belongs 
to the class of insects, because, in common with all the 
inseuts, it has three pairs of jointed legs, each pair belong- 
ing to one of the middle segments of the body, a separate 
movable head, and an abdomen divided from the parts 
that bear the legs. Fifth, it belongs to that particular 
^TOUp of the insects called hymenoptera or membranous 
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a^ ii: tiie pou] of biinerBiefu but madtf of an eftBilr-foldei 
ci«»rj»-iik*r Kui>KiaiiOfc. at vi^L a^ t^erudu jiecnliarities iff the 
jawt viiiL'jj lit iiit»iL ftir v^rr YBzied iirai^ SijtL it 
lifi'-HJiTb 1" tiif t5j»ei^ial &uiiiiT of b6e& azid 5s aepanued 
iv*jiL tLe III as^ib. liie BuW'fiie&. aud xhe jmis« br its jieeoliar 
b^^iid. ocimpacn form. wliiciL enaiiles us in a moment to see 
tiiitt aH the Ijeefc belong togeiiier. jSmm^L it belongs to 
tbe geuub of beeB. because c^ the speeial stmctiires about 
tbe iiiouili- et<:- wliic-L are not present in other members 
of tJie family. EiyhtJi and last, it bek*nge to the honey- 
\)*i^, *^l>»ecie^- l>ecauise it Lafe» the precise form, Ihe color, and 
ihi-. Ixabit^^ that mark it« kindred. Thus, bj eight i^teps of 
divii^ioij. we plaoe tliil^ creature so as to show the greater 
difl'en-iJceH l>etM'eei* itjself and the other liTing things, 
'j lii« \>ri}i'A^hh we take in classification with any anim^ or 
\ihiHi, 



|J SKETCH OF TBE EAnTH'S OUGANIC LIFE. 

LESSON I. 

LINKS OF- ADVANCE IN ORfJANlC CREATURES. 

WE liiivc iili'L'ady glanced at a pai'b of the iiiacliiiiery 
by wliich the earth cai'ries on its physical life. We 
liave been able to look ooly at the merest outliues of tliis 
work. Yet we have seen that the earth is not a place 
where mere accidents contend gainst others, but that its 
physical work goes on with a stately order ; that even its 
most violent activities, the volcano, the earthquake, the 
lifting of the lands from the sea, and the mountains upon 
the land, are ail so accomplished that the alteration 
does not break the harmony of the whole work, but 
rather contributes to its perfection. We have now to 
consider the second and higher form of the earth's life, — 
that which exists in things which we cail^ living,- — in ani- 
malis and plants. The lower or physical life of the earth 
shows us matter in the control of laws that shape it into 
the lands, the moimtains, in sea or air, hut leaves it 
without sensibility, without power to renew itself. Moun- 
tains or crystals, auJ other inanimate things are brought 
to their shape and pass away into the waters without 
helping themselves in any way. In this regard they are in 
strong contrast with living beings. Ail plants and uni- 
tnols grow irom within f hemscWes by pTOttfc?ae% VU'a.'t \a:^'4 
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them living. TLe>- can all multiply their kiiid. In these 
renpecls tl>ey are Rtmngly contragted with all the go-called 
lifeless part of the earth, which, though in a tnie sense 
living, exiKts in other ways. Every animal and every 
plant feeds in some way or other ; it can take in the mat^ 
ter from the world outside of its body, and by changing 
the chemical shape of this matter it ean accomplish two 
endii: it can take the matter itself, to build its body or to 
reproduce h» kind, and it can take the force that exista in 
the matter, and use it for itti own purposes, — to move ite 
body with, or to carry on the_ circulation of its blood, or 
any other of many uses. In this they may be com- 
pared with a steam engine. For instance, when plants 
take in carbonic dioxide, which consists of one part of 
carbon and two parts of oxygen bound together, they 
separate the two elementa, buQd the carbon into their 
bodies, and throw the oxygen into the air. To effect this 
change, tliey make use of the light and heat of the 
for it takes a certain amount of force to separate these 
two oleiiients. When an animal eats the plant, it bumg 
part of thiH carbon in its lungs, by bringing it in contact 
with the air, and thereby gets a good deal of fc 
ill the variouH muvenients of its body. It is this power o{ 
taking a force from the outside world, and using it to 
tain all sorts of uetivities, that separates the animal and 
vogetuble world from the lower life of the earth, and makes 
them a kingdom by themBelves. Because of this peculi- 
arity, tlierti can bo no paas^e from the mineral to the 
living world. 

AiuuiaU and plants appear to have begun in a very 
auuiont stage of the earth^s history; we do not know just 
wliere, when, or how the boginninga wore made ; for the 
iuwiont hinUtry of lifu \ia8 beeu \oa^ Vj iaH.,'Oas§\ 
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changes that the rocks have undergone, which have de- 
stroyed all the fosBils they ever may have contained. 
These earliest forma were doubtless of a very simple 
structure. 

The lowest organized beings we know have many of the 
features both of animals and plants. They are little bits 
of a jelly-like substance, having no distinct form, no parts 
of the body adapted to any special uses, such as eating, 
digesting, motion, etc., as have our higher animals. From 
some such simple foundation of life all beings seem to have 
sprung, through the action of laws that we do not yet 
fully understand. We can see one khid coming after the 




Fly. 66. Rhizopods. 
other and out of the other, as we go through the records 
of the rocks from the earliest days to the present time, 
but we cannot see just how the change from one kind to 
another is effected. Very early in the liiatory of the 
world, it ia clear that these two kinds of beings, plants 

' and animals, were begun. 

I The lower plants were probably seaweeds. The plan on 
which their structure was built made beings suited for 
taking carbonic dioxide gas out nf the sea-water, which 

i contains a little of this gas, and for building its carbon 

^^^^iJw body oi the creature. TViey a\so \ooY * i»xo&«t 
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of other substances from the water. There were in tliei 
no roots, and they differed from distinct aiiimiils in having 
no arrangement for sensation. This is the really strong 
difference between animals and plants. Plants work to 
make structures that get along without any sensatious, 
while animals, from the first, and always, provide for this 
work of receiving impressions from the outer world. Ant- 
inals, even the lowest, also have meaos of making voliiiilary 
movements, which either help them in feeding alone, nr, 
when they are not fixed as by a stem to some solid body, 
enables thera to move about at will. Some low plants, and 
the seed of many plants, have means of moving that at first 
sight look like tliose of animals ; but they are plainly 
involuntary organs, and not connected witli any capacity oC 
recurring nervous sensations nor to be compared with th« 
motive parts of true animals. 

When, from the lowest forms of these beings we paa 
upward to the highei', we find that in plants the foUovrioj 
objects are sought to be accomplished. The structure i 
arranged so as to give a solid s(«m aTid branches, an4 
to contain many separate individuals in one commmiity 
The work of leaves is separated from the rest of tl 
plant, and the roots are inverted, which enable the plai 
to draw a certain share of its nourishment from tl 
ground. Especially, it can find water there, which wouh 
often be imattainable in the air. While the plants remiu] 
water creatures, they do not need tlieir roots ; it is onlj 
when they come t(J dwell on the land that their roots 
come developed. In the water they found all they neede< 
for their life without these appliances. 

These steps lead us up from the simplest seaweeds, whid* 
bnve nothing that we can fairly call leaves, sterna, or rw 
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tinct from tlie leaves, through the moaaeB and lichens, the 
feme, the palms, the pines, to our oaks and other familiar 
tiees. 

In this succession of forms, the plant contrives to sepa^ 
rate its parts into the roots, that gather food from the 
Boil, the stem, which supports the upper part of the body 




and teeps a connection with the root, and the hranches 
which support the leaves and flowers. At first, the stem 
and branches Iiave no distinct hiirk, and they grow by ad- 
ditions made throughout the nuwH of the wood; hut in 




time they devise a way of growing only on the out 
bark side, the inner part of stem and branches being very *•) 
^^^«( aa to serve for support, wliWe tVe sa.'^ 
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"the bark alone, and the solid centrai wood forms a bet- 
ter support. This contrivance enables the plants to have 
smaller, stronger brunches, and their trunks can carry more 
top burden of twigs and leaves. 

In its perfected form, the tree consists of many separate 
individuals, — the buds, united together hy their 
property, the branches and trunk, while the roots below 
do the work of separating the miJieral substances from 
the water that dissolves them, bearing them in the sap up 
to the leaves. 

But the changes that take place in the general form of 

the plant are only a small part of the whole change that 

I occurs in the ascent from the 

I ^^^^ SP>t>e^ lower to the higher. These 

■ ^HBh %l r"^ '"^ ^*^ numerous that we will 

L^U* B^^ sA ""'' '^J' ^'^ t''^'^*' them. There 

^^B I ^? '^^^^ ^^ ^"^y ^^^ other that needs 

^^K f \ ^(wi / ^'^^ attention. In the lowef 

^^^L / "^^^^^t^ kind, we have only one iudi- 

^^^Hf- I ^^^^1^^ vidual in one plant. As we 

^^^H / .^^^^^^^ S^ liigher, many individuals 

^^^fc I "^^S^" come to be associated to- 

^^^H^ ' v*?^''wfe gether, as in our eommon 

^^9t,/.m. single m.d (^>ml>nl.m^ Plants. ^^.^.^^ ^^ ^^^].^ ,-„^ example, 

' IB really an association o£ many different plants, each bud 

l>eing a distinct plant, all of tliem uniting in the work 

building the stem, branches, and roots, which are the com 

\inon property of tl ass t n. This careful bringi^ 

t<jgether of many d t n t d Itiiils in one communitjiB 

a peculiarity of th I h pi ut . 

These changes h t tl purpose the better life of 
the iH(7ividual pla t Th others, and i 

10^ which are contrived im fVie ^ooi. qI 'C 



r tarSS or ADTAITOE in OBQANTC nRKAIPUEBS. 161 

lowest plants have very small and simple seeds, and noth- 
ing that can fairly be called a flower. The spores, as these 
timest forms of seeds are ealled, are very small and very 
nnmerouB. They are made on the leaves, as in the ferns. 
In this state, the seed has life alone given it by the parent 
plant. No food is stored with the germ. In the highur 
plante, there is a distinct flower, made up of a number of 
leaves that have changed their shape to make the parts of 
the blossom. This flower develops seeds of a higher 
structui-e than those of the lower plants. Around the 
hfe-containiug germ is gathered a supply of starch aud 
other food intended to support the young plant in Itbi 
earliest stages of growth. In this w^y, the parent gives 
something of its strength to help the offepring in ita 
period of infancy. 

These changes from the lower to the higher plants are 
slowly worked out in the course of 'the long ages of the 
earth's history. Plauts do not move upward in their 
structure with the same speed as the animals; still they 
have advanced age by age, and finally give us our flowers 
and fruits. The flowers and fruits are offerings the plants 
make to the insects, birds, and other animals in order to 
get their help in the work of fertilizing their seed, and con- 
veying them to places where they may grow. To fertili/e 
a seed in the best way, it is necessary to carry the pollen of 
one plant to the pistil of the flower that grows on another 
plant. This is done by the insects. They are attracted 
by the gay flowers and sweet odors of the plants, and are 
paid for their labor by the honey and pollen they get by 
their visits. They go smeared with the pollen from plant 
to plant, and thus, without intending it, fertilize the seed 
in tlie way best suited to their needs. Tlie fruit, by ii 

^n^he seeds, by their n.oura\iraeu\i, ^ft^^^^^^^ 
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birds and beasts to eat them, and in this way they are 
carried about and dropped in places wbieli will give them 
a chance to grow to advantage. Other seeds, which have 
hooka upon them, are arranged ao as to catch on the fur 
of animals, and so are carried about until they fall far 
away from the parent plant. 

There are many utlior ways in whicli the plants seek 
the help tif the animal world ; but these few examples will 
serve to show ns how closely kiiit together are theti^ two 
kingdoms of life, how they reckon on each other for help 
in the struggle for existence. In this work, the plants give 
far more than they receive. They give to iinimals all their 
food, for there arc no forma of animal life that can take 
fi)Oil directly from the mineral world. All must come to 
them through the plaut. In exchange, they receive from 
the animals only a little help in the fertilizing and the 
carriage of their seeds. Even this they pay for with their 
honey, the sweetness of their fruits, or the nutrition of 
their seed, so that really the plant worid gives everything 
and receives but a trifling recompense. 

The animal kingdom has an altogether different set of 
purposes from the plants. The animal form apjwars to be 
striving to make itself more and more fittie<l to be tha 
habitation of intelligence. For tliis purpose, it needs to 
be very difFoi-eiit from the plant. It needs, in the first 
phvce, to have a system that shall serve for the reception 
of sensations, for the seat of the intelligence, and the 
giving of the commands of the intelligence. This is ac- 
complished by the making of the nervous system, the 
machinery of intelligeuce, which slowly, as we go higher 
and higher, takes on a more and more perfect character, 
tvith eyes, oars, tlie power of taste, smell, etc., to give 
commuuication betv?eeu the mteMV^ftucfe wA *» 
World. 
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Then the animal, to be a fit seat for intelligence, needs 
a variety of parts that shall <)l)ey the will, organs for 
grasping, for motion through the water or air, or over the 
earth. All this is brought about by the limbs in their 
many various shapes, under the intellectual control. 
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FKOTftZOA AND RADIATES. 

The lines nf advance among animals are not made in 
one ascending patli, aa they are among the plant's. There 
are at least four great gniupa of animals, each of which 
takes its own pi'0])ei' line in the effort to work out the 
problem of how to build a structure fitt«d for the uses of 
intelligence. Most naturalists, indeed, consider that there 
are five of these lines of advance. The lowest of these five 
is the jirotozoa, or animals of lo\/ly life; the siiupleat of 




Fill, fill. Rhizopodtt. 
these creatures generally appear to us as mere masses ot 
jelly, that have no distinct month or stomach, and nfti 
regular organs for moving the body. They do not lay 
eggs, but increase in immbers by dividing the mass o£ tlia 
body, each part being able to set up life for itself. Thesfl 
forms are all very small, — the moat of them, indeed, iniero- 
seopic in size ; they are geuevally transparent ; sometimea 
they are as easy to see tliTtnigh as a bit of Jelly. Yet it 
will not do to be too cei'tain of their simplicity, for til8! 
reason that, though appearing so htlle complicated, thflj 
o/ien /iiiiW .structures ot t\ie gveatestXieattVi »s^' 
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Many speciea ui' tliose prutozoa asaumbic tliomsulvtis in 
immunities, resembling the comniiiiiities of individuals 
at make uji an oak or a pine tree ; suub, for inatance, 
e the sponges, wlueh are each made by myiiada of ani- 
i1b that grow together, and by uniting their work, build 
[nass mauy thousaud times as large as the individual 
imals. Tliey all dwell in the water. 
Higher in the scale than the protozoa stand the radiates ; 
ese are generally star-like in form ; each ray of the star 
made np of a set of parts; in the midiUe is a mouth and 
jmach, which do the wiirk lor all the rays. This star- 
le order of partK is mueli like what we have in the 




Fig. 70. Sea AiieiHniips. I'lospd nnd partly opened. nkJn to Coials. 
ants, which generally show Homething of a star-like 
rangement of parts. They are all water animalB, 

The lowest radiates are the corals and jelly-fishes; 

ese creatures generally are grouped together in com- 
unities, many thousands working to build a common sup- 
)rt. This gives them great strength ; while, if separated, 
ley would be very weak animals, quite at the mercy of 
le waves. 

The next higher radiates, the crinoids, are also usually 
.toched to the bottom of the sea; lutt they are nmch 
ifttures, and enclosed in a aolid alieVV, ^\^vA^%^%'g^ 
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Dp on a flexible st«m. They are no longer such simple 

forms as their lower kinsmen, the corals. 

Next higher, we have the 
I stnr-fishes, which are the fitst 
I animals that can crawl by 
I meant! of something like feet. 
I They have suckers coming 
I from one side of the arms, 
I that enable them to move 
I along the bottom with some 
lease. Still the direction of 
Itlieii' movement is not det«r- 
I mined; they move quite as 
Fig. 11. Sea Lily. easily one way aa another. 

Having nothing like a head, they have no need of a definite 

direction of movement. 

Then we have the aea-eggs or echini, where the animal ia 

condensed into a sphere-like form ; and in the highest of 
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these radiate aniraala we find, for the first, an animal that 
moves in a definite direction. Although various animab 
of lower structure move, it is first in the echini that we- 
have this motion fixed in it« direction. The creature doSB 

its power to twist tW VjoA.'j mto W3.e)ti a. ^.ta^e thAt 

mouth may come at tlie tvon.^, eii.4. oi Wa \nA-j -,>» 



the way bi wliicii it is buOt makes this a, very difRciilt 
tiling to do. Filially, in the sea-ciicuiubera, ov the holo 
tbnriaus, the creature is tiirued over so that it walks on its 
side ; in this way it manages to use two of its bands of 
suclsers as liiubs, and tho month is brought at the advanc- 
ing' end of the animal. These radiates give us the first 
series of efforts to build a structure fitted for the uses of 
intelligence; the only structures out of which they could 
build limbs were the soft suckers ou the ai-ms and tie 
stiff epiues; they do all that can be done with them, but 
ihey are not well flttnd fi^r tlii-s iviirlc of motion : besides, the 
tailiate phin of the body is 
better suited for iifixi-dtiiiiii 
for a movable form, as wo 
see from the fiict, that 
plMits are generally iitdi- 
Bte in form. It requires a 
fitftftt deal of time for these 
Bimple cx])criments of radi- 1 
aled iininials to be cai-ried 
I Uu-oiigh to their half-sue- | 

I ccsafiil end. The radiates Fiu- '^- fwwisn, 

I ate among the earliest animals known to us, and it is not 
""tit near the present day that all these expeiiments in loco- 
iiioliiipi had been tried. The nervous system on which more 
f i*n iinythiug else the fitness of the body fnr the uses of the 
"liiid depends, is not even at the end well developed in the 
i^iates ; yet it deserves to be remembered that this system 
ilid acluaUy begin in this group, and is carried to a certain 
*Ute of completeness. We find tr-icesof it in the jelly-fishes, 
Wi it is best shown in the sea-eggs (echini) and the sea- 
left CHi!Qiiibers(holothurians}. It is, however, not to be compared 
' ' the perfection uf the same system in tVeW^^CT Votiaa 
iigber groups of utiinials, as w« a\\a.W 'Aio■!^^'3 
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LESSON III. 

THE MOI.LL'SKS. 



The next ^eat group of animals above the radiates is 
the mollusks. familiarly known t« ira in nur oysters, clams- 
slugs, snails, squiJs, cuttle-fishes, etc. This gi'oup differs 
widely from the railiates iu the plan on which the body ia 
built. In the radiates, similar parts are arrangeil about a 
centre of growtli, where tlie mouth and stomach are sitmv- 
ted ; ill the mollusks, the parts are placed on either aide ul 
a plane that extends from the front to the rear end of tlie 
body. The mouth is at the anterior eod of this \m. 
This arrangement of parts is just what ia needed in llie 
animal body ; it makes motion possible ; and iu this 
motion the head can go foremost. The nervous sys- 
tem in the mollusks is better built than in the radiates- 
It exists even in the lowest forms, and attains a high 
grade of perfeution in the highest creatures of this group, 
the squids, which are really very perfectly adapted to the 
uses of intelligence. The simplest mollusks are akin to our 
clams and oysters. In the lowest, the creature has but 
alight power of motion, often being fixed to the bottoiro 
by the shell or by a sort of rope the animal spins. The 
higher forms, like our hard shells or the fresh-water clams^ 
are able to move by means of a llesh projection calleC 
the foot, that can be pushed outside of the shell, and used 
in crawling, like the foot of a slug or snail. Our fresh- 
water clams or unios can travel at the rate of something 
like fifty feet an hour. This is the niost successful walkinj 
that has been attained in the animal kingdom up to thi 
/eve^o/ structure. 
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When we come to the Hingle-shelled mollusks, such as 
snails and their kindred, we have the power of tiiotioii 
more constant than in the bivalve-shelled mollusks. 
Nearly all of them can crawl. Besides these, we now 




Fig.li. Common Cli 



■""^e something like a head to the aniiual. Thcri' »n- 
^''■'ictiires that do the work of eyes, jiiul feelers that sej'vo 
'*"■ the sense of touch, and ]ierlia]is organs that eonvey 
™ Sense of hearing, all gathered ahont tin; front end of 
"'e body. 
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This group of snail-like, si iiglc-Kli (tiled gawteropod mol- 
"^^ks is also interesting for the fact lliat it gives us the 
"^Vest animals that are able to live ujion the land. All 
'Reforms of animal life below t\iis\eve\aie.\vfMXft5L\a'&K, 
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wst«r. Tlnere an* sereral reasons why the lower inolliisbG 
caniiot eiKne upun th*- lam). Tbeir butUes are all Tey 
soft, and )iuve no skin to keep the water from evapor- 
ating in tiie air. Then, except some of the bivalye sbeDs, 
they have no orgaiw for creeping. When they move at 
all, they only flfnit in the water, helping themselves a little, 
a» the jelly-fish does, by tlapping the projections of the 
body. 

The snails and slugs can live and move on the land be- 
cause the}' have a closer skin, tliat keeps them from drying 
up HO fast, and a foot for crawling ; and they are fitted for 
breathing air by having air-sacks in place of gills. 




Fill. '«■ Laud SiisiU. 
The next important group of inolliisks contains our. 
jqiiidd or cuttlefishes, the pearly nautilus, and the papei 
tilufl, as well as the strange form of the ammonites 
|0d other chambered sliulla that no longer exist. In 
le creatures, we liave, among the lowest forms, tha 
nautilus, ivn animal that lives in the outer room of a 
rlmmliored shell ; this shell constantly grows longer and 
wider, and this animal moves forward in it, closing off thi 
ohaniliiirod part of the tnbe by a partition. 

Around the lieud are a number of soft, fleshy armB» tiut 
OBtbie tha creatuto to am^ owt \h& \rititt«a. 
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and clumsy way. After a great many changes, the eephur 
lopods, as this group is called, succeed in makiug a better 
arrangenieut of their parts. The shell, which serves in 
the lower forms for moving the body, is straightened 
out, made mure slender, and the body wi-apped around 
it-, so that it becomes entirely enclosed in the animal. In 
this position, it serves as a skeleton, enabling the animal 
to have strong muscles to muve its limbs. T liese limbs 
are constructed, with a few changes, oat of the soft feelers 
or suckers which, in thu lower forms of cejihalopods, the 
pearly nautilus and its kiudretl, form two rings around the 
mouthf having a hundred or more of the feelers in them. 




Fig. 77. Section iif Pearly NauliluH. 
TheBe feelers become reduced to eight or ten in number. 
They gprow much stouter than they were on their inner 
face. Suckers and hooks for grappling are develojied. 
The mouth is provided with a strong beak. The head, the 
first complete head separated from the body by a neck, ia 
formed; strong fins are attached to the sides. Unlike the 
lower moUusks, this group are strong, swift swimmers; 
though they sometimes move over the bottom by crawling, 
they are so successful in moving through the water that 
they seldom need this method of motion. These squids 
' all creatures, the quickest movera m \Iaft "w^J^, 
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' lliey Are snrpassetl by some of th« most nqul 



They move in three different waj-s. By closiog the 
like an anibrella, they can dart backwartls with great 
speed. In this motion they are helped by the water, 
which they can squirt out of the cavity where the gills 
lie. This water passes through what is called the syphon. 
Along with this water, they can throw out a qaautity 
inkjk fluid, that darkens the water like a cloud, so that the 
creatures can quickly slip away unseen beyond the ink- 
clouded water. TLere is an additiunal paddling appara- 
tus in the strong fins that are found on the back end of 




Fiy. 78. Cattle Fish. 

the animal. This gives the squids the most perfect meeh- 
iiriiBni for motion in the world. They can move forwaid 
or backward with ease, and have the peculiar advantage 
given by the bi^ of sepia, that their flight is hidden. Their 
power of gra.s[)ing is also greater than that of any other 
animal. They sometimes grow to a very large size. The 
grasping arms are as much aa thirty feet long, and tba 
body as large iw a flour-barrel. They have been known 
to enfold ti fisliiiig-boat in their arms, and only to loosft 
thoir hold when nue of theui was cut in two with an oM. 
The iiarvouB Bystem oi the^ w^vn^'-a^a^^^ o^'^miwi 
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they have siich a great amount of nervous tissue in tlie 
part we term a liead, that tliey may be said tn be the first 
animals to have a distinct brain. Without this perfect 
nervous system they could not possibly he BS active and 
powerful as they are. 

The mollusks were nn earth in the very earliest time 
of which we have any certain record of life ; and in this 
early day we bad bivalve shells, shells like our sea-snails, 
and the lowest cephalopods, the orthoceratites ; but these 
early forms were inferior to those of to-day, so that we 
may fairly say that the molhiscan life of the earth has 
grown to ita perfection, through the geological ages; though 




Fif/. TX AneioDt Mollusks, 

ail its most importaut forms bad been developed at a very 
early time. 

Before leaving this very iatereRting group, we may 
notice some important features in which they have gained 
on the lower animals. They are distuictly better than the 
radiates, in that they have more perfect powers nf motion 
and of .sensation, and do not ueed the protection that is 
gained in commnnitiea, such as the corals generally form. 
Only a few low forms of molluaks are combined into com- 
iDunities, aa are so many of the radiates. In the higher 
IpatrumeDts the animaVswffi etjaXsiiAs. ^^ft*^ 
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more perfect than in the radiates ; these moUusks generally 
take care of their eggs, choosing distinct places in which to 
deposit them, and not turning them out into the water with 
no care, as all the radiates do. This is the lowest form 
of that care of the mother for the young which is such a 
wonderful feature in the higher land animals. 

The higher mollusks have very well organized eyes, and 
large, separate breathing organs ; their digestive system is 
more effective, and through it they can digest more rapidly 
and perfectly, and so appropriate a larger store of force 
than the radiates can. Their circulatory or blood system 
is now strong, and capable of pushing that life and strength- 
giving fluid with greater speed through the body. 
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Next higher than the raoUusks, in their plan of struL-- 
tiire, come the creaturea known as articulates or jointeii 
animals. These include all our worms, crabs, lobsters, 
spiders, and insects. In fact, every creature whiefi has a 
body made up of rings, placed one after the other, as in 
the diagram, is an articulate. 




These successive rings are each very much like the 
other. This likeness is sometimes so great that in certain 
Worms, if we cut them m two, the front part will heal, 
ajid the hind part form a new head, and move on without 
lisk of death. Some worms ordinarily increase in this 
Way. We cannot conceive this in any mollusk, for there 
'ire no such aimilar parts, or sets of parts, one behind the 
'^'ther. The only repetition of parts in nioUusks is on 
either side of the middle line. In the articulates, at least 
^mong their lower forms, the worms, there may be huu- 
^ireds of these rings, each formed on the same pattern, 
d one behind the other. 



A SKETCH OF TH! 



i OttdAJlM 1 



When we come to the crustaceans, or such creatures aa 
B shrimps, lobsters, eray'^h, and crabs, which are higher 
lan the worms, these rings are fewer in number, and 
more different one from another. In place of the joiiitr 
less, spur-like legs of the worms, we have legs like those of 
a crab, lobster, or insect, with distinct joints, which allow 
a great deal of motion. All these parts are covered with 
a bard, shell-like skin, called chitine, which protects thein 
from asgaiiants, and at the same time answers the purpose 
of a skeleton to support the muscles in their work. This 
outer skeleton cau be moulded into a great variety of 



r 




f'iy, HI. Lobster uud Crabs, 
shapes, to suit the needs of the animal it encases. In this 
way, we have a greater variety of shape among the artic* 
lates than in all the other great groups of animals. Thi* 
ringed covering easily fits itself to changes of habits, so 
that among the articulates the will of the animal flnils 
admirable tools for its use, in a more perfect way than 
among any of the lower creatures. 

Among the insects, we have a most wonderful variety 
of struetare and habits. They give us such strangely 
varied foi-ms as the earwigs, the spiders, grasshoppers, 

3B, beetles, bugs, and butteravfc*,, Xvxdeed, the variety 

great tliat there are moie a\ie,ti\ea 
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among insects than among all the other animals put to- 
gether. And their habits or iDstiocts are more diversified 
than among other animals. We now, for the first time in 
the ascending scale of life, have a most careful nurture of 
the young by the parents, — a care that extends to the most 
elaborate contrivances for keeping them from danger, and 
providing them with food. For the first time, we find 
oommunitiea of insects like the ants and bees, which asso- 
ciate their labor for the common profit of the family or 
colony. They not only organize societies, but defend 
themselves with armies, and make warlike expeditions for 
the supply and profit of tlieir communities. In many cases 
the jouiig are fed on carefully-chosen food prepared with 
great labor. They build more carefully-arranged liabita- 
tiona than any other animals, their highly-developed feet 
and jaws serving them well in tliia work. Indeed, it is 
first among inaects, as we follow up the system of life, tliat 
we have any great development of the animal mind. 

The insects and articulates in general are in many ways 
among the most perfect of animals. This is true of what we 
call their minds aa well as their bodies. In some strange 
way they do, without teaching, things that no other animal 
save man can be taught to do. Their only physical defect, 
that we can notice, is their small size. A very few of the 
crustaceans are fairly lai^e creatures, but none of the in- 
sects are over an ounce in weight, and the moat of them dn 
not we^h more than a few grains. If they were as large us 
our quadrupeds, or even our birds, aud were proportionately 
as strong aa a wasp is, there would be no place left in the 
world for any other creatures. As it is, their small size, 
despite their means of defence, makes them feeble enemies 
to most large iiiiimala. Yet tlie gieateat dilBeulties man 
'brffijo rule the eavvU, vii,i\usitYu\\\*0&a\a«^^- 
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He can easily dispose of lions or tigers but the locusts, the 
white ants, and some other insects dispute the em|iire 
hini in many regions. Besides this, a hoet of diseases of 
his own body, and those of hia domesticated animals, come 
from them. 

The articulates are slowly developed in the history of 
the earth. They begin with the worms and certain low 
crustaceans called the trilobites; these two forms are found 
about as early as we have any distinct animals. At a later 
date come the crustaceans, like our lobsters and crabs; but 
not until just before the time of the coal penod do we 
have the insects; at the present day, these insects are 
their prime, while the worms are less important than of 
old, and the crustaceans have gained little in the later 
geological agea. 



LESSON V. 



VERTEBRATES. 



The lower forius of life, — the protozoa, radiates, inol- 
luaks, and articulates, — seem to have developed the musl 
of their peculiaritiRS of structure in the earlier stages of the 
earth's history ; iu the later times, the backboned or verte- 
brate auimals, the kindred of man, are the only animals 
that show us many new plans of structiires, or make gi'eat 
advances in the work of building a body for the uses of 
intelligence. 

The higliest of the great groups of animals is the type c 
vertebrates or backboned ani- 
maJs. In this group we have 
a plan of structure wliich is 
veiy different from that of 
the lower plans of radiates, 
molluaku, or articulates. It 
includes the fishes, reptiles, 
birds, and mammals. 

The principal forms of ver- 
tebrate animals are tolerably 
£in)iliar to all, so we may give 8 
them than of the lower animals. 

Lowest in the scale of vertebrate life come the fishes. 
in them we find the vertebrate body shaped only for 
Hwimniint: : the pails which are feet, or wings, or hands, in 
their land kindred are, when present, always in the form 
(if iius. There is no distinct neck. The animal generally 
breathes by means of gills placed in the back part i.if the 
" in the mou& oavitv. wl\\dv take <!&& ga fasa 




A SKKTCH OF TBM 



«AItTR^ ORQ«KfO 1 



They almost always lay eggs, but a few have their 
"oung lx)rii alive. Their blood is cold. 

Above the fishes iii structure, and closely related to 

Aiem, we find the group of vertebi-ates known as amplii- 

P't>iaTiR, a name given to them because they ge-nerally live foe 




Fiy. Si. FiBhes. 
a part or the whole of tlieir lives in the water, in the form 
of tadpoles such as those of our common frog. In this 
group come the water-dogs, the salamanders, and all our 
frogs and toads, us well as many strange-sLajied aiicieut 




forms that have disappeared from the earth. These crea- 
turen are fish-like for some time after they leave the e^i 
swimming with the long tail-fin, and breathing with ^^• 
Some of them never leave this condition, but (itbers,*^ 
our frogs, toads, and sa\ama,TaieYw, Y^* ftvuwi^tL a wonder 
^Ul changii, — their tails s\mu\, t\\<;\x Xa^ s,\«tfvA. v,\A\^'&^ 
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proper places, and their gills drop away, so tiiat they after- 
wards breathe the air, and uaii live nri the land. 

Next higher than the amphibians come the reptiles, 
which include oui- lizards, crocodiles, alligiitors, turtle;-: 
and snaket^ as well as a host of great creatures belongii ; 
in the ancient times of the earth, but long since extinci. 
In these creatures there is no fish-like tadpole state; they 
all breathe by means of lungs from the time they leave 
the egg. 



F Fig. 8D. Uxard and Flying Keptile. 

These are the first very successful land animals : among 
them we find flying, swimming, and walking forms; so, 
for the first time, those forms of progression which gave 
tlie vertebrates their great place in the world were brought 
into use. During the middle ages of the ear^-h's history, 
and until the suek-giving creatures came, these reptili-a 
Were the monarchs of the world. 

While the reptiles were in their prime, the birds, the 
next higher group of animals, appeared. At first they 
were a good deal like feathered fiyiug lizards. Their 
tails were long, like lizards, and their jaws had sharp, liz- 

I ard-like teeth. The great difference between them and 
rojitik's is in the fios.session oi a tMivcvVwyt, fil VA'Ousi'^'?.,'MA 
t/i./i- vrrv wurni (ifood. It U lln- warm wnsAm-it. ^^'\ le-^'^^*^'^* 




that protects their bodies from the cold, and makes a waXTi 
blood possible. Tliis warm-blooded condition in lironglit 
nbout by a stronger iiud more perfect circulation, sn ar- 




ranged that eaeli time the blood makes the circuit of tl^^ 
body it is passed through the hiiigs, where, being expose' 
to the air. a part of its carbon is combined with oxygen, f -^ 
[ burned, which gives out a supply of heat to be distribute 




through the body. This suijply of lieiit is greutpr iu 
birds than in any other animals ; and, as the activity ol 
ihe body depends on tbe teaivBtaWTe ot tt-ni VAood, they 

are very utrnng for their wr'i'::;\\* . 



creatures have their young bom alive, and the mother 
gives them milk. 

'Iliere are two jirincipal divisions of this great class of 
mamiitals. The lower and earlier to live on earth is that 
to which the kangaroos, opossums, and their kindred be- 
long. In these the young are bom in a very imperfect 
state, and are slieltered in a pocket of the stin which 
covers the teats of the mothers. In this pouch they re- 
main for some weeks, until they are stro'ig enough to 
move about, and for some time longer tliey return to it for 
the mother's milk and for shelter. 



k 




Fig. 88. Maranpinls — Kangaruo aud Mymiecobiiut. 

The other great division of the mammals is without this 
pouch, the young being liom in a too perfect condition to 
need its help. This group iccludes all our ordinary four- 
footed beasts and man himself. In the mammals, hail' was 
developed to Bcri'e the purpose of keeping in the warmth 
furnished by the warm blood, which they have in common 
with the birds. This hair, and the milk-giving by the 
female, are features that separate the mammals very sharply 
from all other animals. 

In the vertebrates, we first find an internal jointed 
she]eton which jirovides two chamVietB. ioT ^e ^^>:A^\'^\^^^^fl 
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the soft parts of the body ; one enclosed by the ribs for the 
organs that sup[)ort the mere animal Ufe of the body, sucl 
as the stomach, the heart, and lungs, etc. The other, 
smaller and more completely encliised, i» formed by the 
bones of the head and the backbone, and encloses the most 
important parts of the nervous Bystem, — the brain aii<i 
the spinal cord. These backbone parts of the skeleton are 
BO jointed together as to be at the same time rigid and 
elastic, and give a better protection to the iimer parte 
while allowing a greater freedom of movement than any 
other arrangement could do. To this central skeleton 
there are attached never more than four limbs. These, 
like the trunk, have an internal skeleton that supports 
them, and enables their muscles to work them. 




In the importance of the nervous system, and in tha 
arrangement of the limbs, this group of vertebrates staoil.'* 
apart from all other animals. In no lower group is tho 
nervous system so large or so cared for ; in none are 
limbs so^determined in their forms, or so fitted for varied 
work. We see how suited they are for their work, wheii 
we consider that by simple yet effective changes theyfc 
the &iof& Ssk, the foot oi ftve Votswi o^ && Xva^,' 
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nf a bat, or the hand of man ; — all these varied pai'i-- h.ivo 
come by alow changes from one ancient form of limb. 

The nervous system permits the work of a higher intel- 
ligence than we find in the lower animals. In place of 
liabit or instinct, a blind, unreasoning working of impulse, 
we have, as we go up on the vertebrates, a constant increase 
in the likeness of the mind's working to our own. We see 
among the fishes a certain care for their young. This 
carefulness of the offspring grows more and more marked, 
until, in the higher forms, such as the birds and animals 
that give suck, it takes the form of parental love. 

Not only through the mind^ but tlu'ough the body, these 
vertebrates give more help to their young than any other 
group of animals. Among those forms that lay eggs, — the 
fishes, the reptiles, and the birds, — we find a contrivance 
for helping the young that reminds us of what occiirs in the 
plant world. Among the higher plants the young is helped 
by a store of concentrated food that makes the mass of 
the seed. While in the lowest forms there is no such 
helpful store. Thus, in the lower animals, the parent gives 
the young life without placing in the eggs any store of food 
to sustain it in the earliest work of existence. In the fishes 
we find that there ia some provision in the egg for the sus- 
tenance of the young while it is making the first stages of 
its growth, though the amount ia but small, for the fishes 
commonly lay many thousands of eggs at a time, so that I 
not much can be done for any one. In the reptiles we find 
the eggs greatly dimin^hed in number ; and in each a lar- 
ger store of food is placed, forniing a distinct yolk. In the 
birds the eggs attain their perfection ; they are ^ill fewer 
than in the reptile, and are often as much as one tenth the i 
weight of the parent, so large is the store of nutrition that 
ia placed in tbem for the help of t\\e ■yo\mg\a\^s. ^vi-s'^ti- 
BvnUea thin, the mother by the uett, tW -waroa.'On, qIVwe 
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bod/, and the food she brings them, does modi Cor ber 
young. In the highest group of rertebrat^s. (he niainnialf. 
when the young are bom alive, tJie mother's milk prorides a 
yet better method of helping the young in their growth, b 
thes4i, tJie higheflt groups of Tertebrates, the birds and Biam- 
tnaH the blood is warm as it is in none of the lower forras- 
This guards them against changes of temperature, and 
makes them bett«r fitted to endure the struggle of life in 
cold rRgioiis. Thus, with each step of ad vauee, there is 
more lielji given by each generation to that which is com- 
ing ou tji take its place. While we can trace the improve- 
mftnt of animals, as we rise higher in the scale of being, in 
a griiat many ways, there is no other way in which it is so 
beautifully shown as in these contrivances of mind «id 
body for helping the weakness of the young. 

The vertebrates do not seem to have lived in the earliest 
stages of the earth's life-histoiy. They first appear some 
time after the other groups of animals become known to ub. 
First, come the fishes ; then, at a much later ilate, in tlie 
coal-bearing rocks, we have creatuiea related U? nur water- 
dogs and salamanders ; then, just after coal, we have the 
kindred of our alligatoi-s, which for a long time filled tlie 
lands and seas with many strange forms of reptiles ; then, 
in the Jurassic time, as it is called, that is, some distance 
above the coal, \ve have the first mammals. These were lit- 
tle creatures related to our opossum, and called pouched 
mammals, because they carry their young in a pouch on 
the belly for some time after they are bom. These first 
suck-giving animals were insect-eaters, as are many oi 
their kindred at the present day. It is a long time before 
the mammals begin to have the first place among animals 
many geological ages fiie reptiles still held the control 

the seas, aud \.\\e aw nnWcv Wra -^^Vlw 
ly, iowever, tbese rtiv^^\*^=^ \iv-'ft^uv ^^^ Uift w«^i, 
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the mammals to grow larger, more vai'ied, and more power- 
ful. The higher forma gave up the use of the pouch, 
which has been kept only on a few species of opossums 
that live in North and South America, and a hundred or 
so kinds that are found in Australia. These pouched 
species are fading away from the earth, and are being re- 
placed by the non-pouched forms. 

There are very many other features in which the verte- 
brates show their advance beyond the conditions of life in 
the earlier types of animals; of these we may only men- 
tion, here and there, a stiiking ease. 

j\U the radiates and molhisks are entirely voiceless; so, 
luo, are ail the crustaceans; only some of the insects 
having the power of calling to others of their kind ; and 
in all cases this is done by rubbing hard parts togetner, and 
never by anything like the voice, as we understand it. But 
nearly all the vertebrates above the (ishes have some form 
of call made by driving the air out of the lungs m such a 
way that it vibrates membranes stretched across its path. 
This voice ia found in its beginning in the fishes, some 
of which force air out of their air-bladders, which are 
iniperfeet lungs, and thereby make a call that their mates 
can hear. The frogs and toads have distinct voices ; so have 
many of the higher reptiles. The birds all have some 
voice, and all the mammals have it. This means of eom- 
muuication between one animal and another is a sign of 
growing sympathy between kindred creatures. Except 
among the insects, there is hardly a trace of thb feeling 
in the animals below the vertebrates ; it is peculiarly the 
mark of the mammals ; they feel for and help each other. 

Thus, we see that the advance in the mind of animals 
seems to go with the bettering of their bodies. The ^eaL 
aim of all animals aeems to be to get \ieUeT B.-fti\«X\R^ I 
iiciiris tor ihr ever-growing intelligence to \\*£ m"'v\*'«'^^^ - 



Laot of all. among the great results of this wortd. romes 
mail himself. In his stnictnre we see many relations to the 
other manunals, and there can be no doabt that his body 
has been in some way made &om the funns of the main 
maU below him in stamctare. so that man, as an aiiitaal, 
stands in close relation to the lower life of the world ; bul 
wheu we come to conaider the mind of man, we find some- 
thuig verj- widely different from the mind of the lower 
animab. In the lower animals we find a trace of all the 
fa4.'ulties we find in man, but they, unlike man, are nut 
capable of indefinite advance. They are bound down to 
a certain narrow round of thought and action ; but in min 
we have a creature able to go forward without limit ; so 
that we may gay there ia no such relation between his 
mind and the minds of lower creatures, as there is between 
bin body and those of animals. Mentally, he belongs to 
another system of creation from tlie beasts. 

When we study the forms of the lower animals, we do 
not find one series of steps leading up from the lower to 
the higher forms, but different groups, each with its own 
peculiar plan of stmcture. There have been many experi- 
ments ill the building nf habitations for intelligence. The 
most of these have gained only a partial success, for the 
reamni that the plan of the structure did not allow the 
necessary perfection of the body. Of all these efforts, that 
of the vertebrates wiis the most promising, for it gave by 
ittt skeleton, by its careful building of the nervous syeteini 
by its plan of limbs, the best chance to go on to a high 
I Stmcture. Out of the many trials, the great success of, 
nui wiw at length reached. 

niituniHst cannot believe that man was a 

'1}I.; he JH rather the beu\g to vjliicb. the world in all ita 
gtantly UsuOai\g. 




CHAPTER X. 



THE NATURE AND TEACHING OF FOSSILS. 



LESSON I. 
HOW FOSSILS ARE FORMBD. 

TN the later pages of this book we shall often have to 
-■- speak of fossils, or the remains of animals and plants 
that are preserved in rocks, so that it is well to get an idea 
of what they are, and how they are formed. 

A few living things, such as the jelly fishes, the slugs or 
shelless snails, etc., have soft bodies which at death dis- 
solve and leave no solid parts behind. But most animals 
and plants at death leave in the water or upon the earth 
bodies that have a certain solidity ; woody matter in the 
case of plants, bones in the case of higher backboned 
animals, hard skins as in the insects, crabs, lobsters, etc., 
or shelly matter as in the shells and corals. If these hard 
parts are left uncovered on the surface of the soil or on the 
bottom of the sea for a long time, they utterly decay and 
fall to dust. Examine any old forest ; it has grown for, 
it may be, hundreds of thousands of years; if it were 
not for the rapid decay of the leaves and branches that 
&U on the earth, the waste-heap would be many limes 
deeper than the tallest trees are hiyh ; but there are only a 
few inches, or, at most, a foot or two of v^;g^;taVj!e mould 
on the ground where it stand*. If all tlj'; bon^::-: of all the 
birds and beasts that have died iii l\i\sv.'*j«A\\4A\ViUi:<CL\A\ 
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there, the soil would tiave it^ surface covered with the^ 
remains ; jet we may search for days aud not find a eingls 
bone ill a square mile of forest. All such remains rot 
away speedily ; the skeleton of an ox left on the surface of 
the ground is decayed in a score of years and falls t^* poV' 
(ler. So we can say that nearly all the bodies of animals 
aud plants that die on the laud fall speedily to dust. Yet 
there are certain ways iu which their remains may in raw 
cases be preserved. If the trunk of a tree falls into a wet 
swamp or a pond, and sinks to the bottom, it will only 
partly decay, turning black, but retaining its shape fm 
many thousand years. ITius, in New Jersey and else- 
where, they dig out these buried trunks and use them for 
timber. Sometimes, as in Ireland, they are found eyen 
after the forests in which they grew have entirely disap- 
peared from the region. In such swamps we often find the 
bones of animals which have been drowned there; as, for 
instance, in the swamps of Ireland are found the bones of 
the great elk, the largest horned creature of the deer 
tribe that we know. Then, too, we may find the remains 
of fishes and water sheila. If it happens that such 
swampy bed is buried under the sea, and covered witli 
other strata, it may preserve to us the remains of a very 
ancient time; such, in fact, are the coal-beds that 
now giving tlie wealth to the greatest nations of the world. 
It may sometimes occur that forests aud swamps, witli 
the dead and living things they contain, are buried imdei 
a shower of volcanic ashes, or the dusty matter thrown out 
by volcanoes, and so preserved from decay. Or, 
happen that in limestone countries, the remains of animals 
are swept into caverns, and buried under the floors of 
8tn!avtite, and so seE^led uy Si-^'m 'iUe au:-, or, in yet other 
ies, the remains may \)e Wi:\k4 m fti.^ ^i^'i^j^^^ 
along the banks oE lAveis- 



Bov voesne abb formbd. 191 

But all these methods of burial on the land are not able 
to save much of the forms of land life from utter decay, 
This we may see by noticing how very seldom it is that 
We find any remains of the creatures that lived in this 
country before it wa* settled by the whites. I doubt if my 
readers have ever found the bones of a deer, a bear, or a 
panther anywheis in the fields or in the openings made 
for roads or cellars, though scores of these animals have 
died on every acre of the land. There is no provision for 
their burial, and so they almost always decay. 

So it is on the land, but in the sea it is quite otherwise : 
there every animal that leaves at death a sofid frame gives 
its remains to the bottom, unless it goes into the jaws of 
some enemy, as, in truth, it oftenest does. Once on the 
sea-floor, it finds a host of animals glad to use anything in 
the way of food that the body may afford. Yet it happens 
that very many of the dead that come to the sea-floor are 
buried in the raud or sand that is constantly gathering 
there, and in this way are secured from decay. We need 
only drag a dredge over the sea-floor, at almost any [}oint 
from near the shore to a. depth of twenty thousand feet, to 
gather a lot of this bottom mud, in which we find shells 
and other hard parts of animals that have been already 
buried in the muddy deposit. We can easily see that in 
time they would lie sealed under a great thickness of this 
ever-gatliering waste that covers the sea-floor in a sheet as 
wide as the oceans. 

We have now seen most of the ways in which the dead 
bodies of animals and plants may be buried in the earth*s 
eniBt; we will next try to show how they are preserved 
from fiirther decay. It usually happens that when the 
bodies of animals or plants are buried in the rocks, certain 
a occur in them. If the lemaiua aTe \2mSl aX ^'^oM&fc 
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depth beneath the surface, as in haiuaD graves, the mn- 
water and air penetrate t4j them, and thej fall iiitt eowr 
plete decay, becoming mere dust that is seized on bv the 
roots of plants, imd lifted once again into life. But when 
these remains are buried where neither the rain-water Dot 
the air can get to them, they may preserve their structure 
for a very long time ; for, when tbese change-producing 
agents are kept away, the principal forces that bring decay 
are not free to act upon the remains. They are then la 
much the same condition as the preserved vegetables and 
meats that are enclosed in well-sealed cans, and there is do 
reasfm why they should ever decay, for the air, that by its 
oxygen rots them, is shut out. So it comes about that a 
mammoth buried in the ice of Siberia can have even ita 
eyeballs preserved for some such time as one liundred 
thousand years; or that a grass-like plant buried in the 
far more ancient coal-beds should keep so perfectly that it 
remains flexible to the present day; or the shells of the 
yet remoter Silurian age should keep a little of the cobr 
which they had in their time of life. 

But it generally happens that the bodies of these buried 
creatures undergo certain changes that gradually destroy 
tlieir original shape. They are often somewhat heated, 
owing to their deep burial beneath the rocks that are laid 
down on them, and tlieir consequent lioldiug iu of the heat 
that comes up from the depths of the earth. When this 
occurs, the hot water that lies around them often takes 
away the lime of their bodies, and deposits flinty matter, 
or imikes other changes. Thus, it has happened in a mine 
ill Utah, that around the leaves and stems of fossil 2)1aut8 
silver lias been found deposited. If the heat is greater, it 
often uccara that the whole of the foaail disappears, leaving 

^ * gtftin on the TOck< oi CTga •ao x^tagja tA.\ 
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been there. When rocks like limeBtones become cryetal- 
lioe, all the fossils commonly disappear, though they may 
have heen there in great plenty and excellent preservation. 
Thus, it comes about that while the creatures that live on 
the land are rai'ely preserved to us, those of the sea art 
often buried in the rocks; and wheu the rocks in wh;i'! 
they are buried are Lifted above the sea, and worn by the 
frost OP rain, the fossils appear iu great numbers, sometimes 
so thick as to cover the hillsides with the well-preservec' 
relics of a life that passed away from the earth many mil 
lion years ago. 

It is irom these remains that the geologist is able to 
make up the history of life, and to construct a picture that 
represents the animals aiul plants that lived from time to 
time in the past. In this work long practice has given 
great skill ; so that, from a few bones, or a fragment of a 
shell, it is possible for a naturalist to form a tolerably clear 
idea of the creature to vfhich these fragments belonged, 
and something of its habits of living. Thus, the structure 
of the t«eth will show us whether an animal was flesh or 
grass eating, as is seen in the case of the dog and sheep, 
where their teeth are precisely fitted for their different 
sorts of food. Often, a single tooth of any kiud of an 
animal that has left us no other part, or fragment of an 
insect's wing that is all which lias come down to us, will 
serve to prove to trained eyes and minds the existence 
of creatures of a certain mould at a particular time in tJic 
past. So, out of the shreds of the life that lived iu an- 
cient days, taking here and there the fragments as they 
happen to come to us, we can gradually build a tolerable 
museum that will show us how this life stood at each time 
in this past. We know in this way, with perfect certainty, 
t vast duration o£ time t\\e Me ui 'Oftft 
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surface has been slowly changing. Now and again 
ticular kinds of animals and plants disappear, and fclx 
places are taken by others. In this way the whole of ^ 
animals and plants of our globe has been many timt 
changed, the old kinds giving place to newer and hi^hei 
forms. 



CHAPTER XI. 



THE ORIGIN OF ORGANIC LIFE. 



HOW NEW SPECIES ARE MADE. 

dONG the questions wliich the student of the earth 
finds always before him, in the study of its liistory, 
3w animals and plants have came to be ; how this life . 
I ; how, from time to time, these living creatures have 
peared, and been replaced by other kinds. These are 
ird questions, and we cannot yet give them full an- 
. Until modern times, students did not know that 
had been a very long history to life, in which all the 
of beings hail often been changed, giving place to 
kinds ; therefore, until our own day, the general opin- 
as that all the kinds of animals and plants now on 
irth had been created from the dust in the shape we i 
:bem. But, when in this century it was found that 
; the coming of each of these living animals and plants 
were other forms closely resembling them, yet of dif- 
; species, and that this chain of beings stretched clear 
into the past, the animals becoming mure simple as we 
towards the time when life began, it was gradually 
)d that these animals had in some way sprung from 
ather. For we cannot well believe that the Creator 
I make such relationships between ctea.t^\Ye,■&^ et^sAia'^. 
UkB that which went before, yet VitV a. ftiSfixeaafej^ 



It is far more reasonable to believe that the living forms 
have sprung from the kindxetl forma that have passed away. 
So strong is this argument, that there is probably not a 
Bingle person living who has been a careful student of ani- 
nials or plants who doubts that the life now on earth has 
sprung frtjm species or kinds that have passed away. The 
only doubt is as to the ineaus by which the change from 
one to the other has been brought about. This is the ques- 
tion to which students of nature are now giving the most 
of their attention. 

So far but one clear way has been found in which tlifl 
change can be accounted for, and while it cannot expliun 
more than a part of the puzzle, it is an imjiortant help to 
our knowledge of life. Tlua partial explanation is known 
as the Darwinian theory, taking its name from the utu- 
deut who first suggested it. This explanation rests on the 
fact that each animal and plant in the world has mfiny 
more offspring than can find a place in the world. Some 
fish, for example, lay as many as a hundred thousand egga 
each year, while, on the average, only one or two of these. 
young live to grow up, the others of the brood falling 
prey to euemies of one sort and another. The result is 
the same with every animal and plant: they have more 
young than the world can give a place to, for all the 
and fends have about as many animals and plants as they 
can give a chance to live ; so it comes about that the world 
of life below man is one great conflict, an unceasing battlfl 
for life, where each creature struggles with its neighbtt 
who wants the same food or place. Nearly every livinj 
thing has two sorts of enemies in the world: passlvi 
3s, who occupy the place ui sea, on land, or in ih# 

■ which the new-comer needs ; and active euemies ia. 
at ptOT xaqfsa. %, aaA. 
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nt its body. We see that these creatures are constanlly 
trying new plans to make themselves better fitted to 
win success out of their difficulties ; they become swifter 
of foot or wing ; they get stronger defensive weapons : 
they invent new habits that will elude their enemies; ii- 
a thousand different ways they change to meet their needs 
It is certain that to these chances, which serve to he][> 
the creatures in the long battle for life, we owe a great 
part of the changes that are constantly arising in the 
forms of hviug things. The only trouble arises when 
we try to see just how the change is brought about. We 
may, in part, explain it in this way: among all the 
young of any aidmal or plant, each differs somewhat 
from any other. These differences are generally slight, 
but they may be enough to give the particular crea^ 
ture a better chance to live ; it may be stronger limbs 
for fhght or chase, or some difference in habits, or any 
other profitable quality of its body or mind. In other 
words, those that vary in the direction of profit will be 
more likely to survive in the struggle for existence than 
those that vary in other directions. Next, we must notice 
the fact that each living creature is likely to give its 
peculiar traits of body and mind to its descendants, so 
that they will have a share of the same peculiarities that 
the parent had, and on these creatures, the same pi^nciple 
of survival of those that are fittest for success will again 
act, making the profitable feature stronger than it was be- 
fore. If longer legs or stronger wings saved the parent, 
it is- likely to give those longer legs or stronger limbs to 
its offspring, which wilj. -gtre^^tewt^ advantage over the 
children of those otK^j^members W/^te same sjiecies that 
have not tins peartiilirity, Sffme of ^S^ifi de»CKU<lM\t». oi 
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have these paits better developed than the parent, and so 
its children will get the advantage of its cousins, and thus 
prevail over them. From generation to generation, tJie 
wings become stronger, or the lega larger, imtil a race is 
made that differs very far from the oreaturea from which it 
originally came: that we call it a different species. In time. 
all the individuals of t!ie apeciea who have not changed in 
this way will be destroyed by their enemies, so that the old 
species will disappear, and the new take its place. 

Although this is a very probable explanation, and may 
account for many changes that take place among animals, 
it cannot be said that it is proven, nor can we expect to 
have a chance to prove it for a long time to come. The 
life of any one student is but a day compared with the 
slow-going changes of the world, and we know too little 
of the struggles of our lower kindred with their enemies 
to be able to see just how the fight goes with them. The 
only place where we can see anything like this process of 
choosing the fit for life, and the unfit for death, is in our 
household and barnyard animals, and the plants of 
tilled grounds, — these creaturea which man has seized on 
and forced to helj> him in his particular battle. These 
domesticated plants are taken out of the combat of the 
world; man does not allow the wolves to seize his slow- 
footed sheej), nor the swiitrgrowing weeds to overcome 
the plants of his gardens or his fields, but in place of the 
selection of nature, he uses a selection of his own for 
liis own purposes. When, for instance, he finds among 
the constant variations of his sheep, an animal with 
moie wool, or with shorter legs, that make it unable to 
jump fences, he breeds from this animal, and sends the 
utJiers to the butcher, lie seeks aiuow^ the young of -his 
''«en ahflfin t.hft lam\iH tba.t 'have \^ift >WB'b ■«oOi 
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shortest legs, and sells the othera ; and so in certain placea 
he has lengthened the wool and shortenpd the legs of 
these animals until they are so unlike their ancsestors of 
fifty years ago, that if we found the two i-aces wild, we 
-ihouid call them different species, 

Wliat, in one case, man does for jtrofit, he does in 
another to please his fancy. Dogs and pigeons, for in- 
stivnce, be breeds for the amnaement of having different 
kinds ; and so our dogs have Rome to be of many distinct 
forms, and between the little sky-terrier, the burly mas- 
tiff, and the long-le^ed, agile greyhound, there is a 
greater difference of form than between foxes and wolves, 
or sparrows and robins, — things whioh we regard as very- 
different s[)ecies among wild animals. 

The way in which animals change in the hands of man 
must be regarded as good evidence that they may be mod- 
ified in the hands of nature where the penalty <jf death is 
administered on all who do not conform to the rules of 
life ; to all who do not strive to go onward in the race. 

Although we cannot regard this theory of changes 
among animals and plants as perfectly proven, there can 
be little doubt that it accounts for many of the changes 
that f^ke place. It is also likely that there is a host of 
changes, perhaps the greater part of them, with which 
these selective processes have little Ui d<i. It is not likely 
that anything so wonderfully complicated as the world 
of life can be due to one cause. We also easily see that 
this idea, at most, acconnts for only a small part of the 
wtmders of animated natui'e. Tlie real marvel is, not that 
animalB and plants vary, or that their changes lead to the 
making of new species, but that these changes have not 
been by haphazard, but in a way that has led from tlio 
4.fej. man. It is the iatt ftiaX- Vqj 



k'iid to such an end that is the really wonderful thing. 
We cannot believe that if they occurred at haphaiarcl, 
any such a world as we have could have been made. 

It must not be thought that all the clianges that take 
place in the world of plants and animals lead to a highei 
and more perfect life. If the animal adopts modes of lif( 
that require a more perfect body or a more active mind, 
we find that it goes upwards in ita changes; if, on the 
other hand, it takes up with baser ways than ita ancestors, 
it may biHMime more and more degraded in its body and 
mind. The snakes, for mstance, were once four-limbed 



Flij. -M. Snake, Cbeirotes aad BIpM. 

animals that mover! like the lizards, but throngli change 
of habits they came to other and lower needs, ao that theit 
limbs were no longer useful, and shrunk away. A few*! 
the serpents have a small pair of forelegs wliich 
small that they serve scarce any other use, save to Bfao^T 
how they have been degraded fi'om higher forma. The 
sperm whales come from creatures nearly like our bearN, 
that were pretty well \\\\ in the world ; but their ancestors 
took first to living partly in the water and partly. on tlitf 
land: then, finally, to an altogether water-life, so they havfi 
lost their hair, tiieir hind \\u\\>fi \v.w»; ^^h'aw'r away, theu 
become reduced t« YJaOLOiie^i, -aa^^^ " 
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has taken on the outside form of a fish ; so, since the begin- 
ning of the tertiary time, the whales have been degraded 
i'rom a high to a low place among mammals. There are 
many other cases among animals where the body, in part 
or in whole, has been lowered from a higher plane of struc- 
ture to a lower by the change of habits. Some of the most 
instructive of these examples we find among cavern animals. 
In them, the eyes sometimes entirely disappear, the creatures 
having taken on a habit of living where the light can be of 
no use to them. 

It is a fact that the higher the level of any animal's life, 
the more the chance, that through some change of habit 
the creature may lose the gains its ancestors made for him, 
and fall, far more swiftly tiian it rose, to a lower level of 
existence. This is doubtless true of man, as well as of his 
lower kindred, and especially true of his moral and men- 
tal nature. Any degradation of habits lowers the indi- 
vidual, and the degradation will be handed on to his cliil- 
dren. If we realize this truth, it gives us a keener sense 
of our duty to our whole nature, — to our bodies and our 
souls ; our very life depends upon a wonderful guidance that 
has led us slowly up the long ladder of life that stretches 
from things inanimate to man. We stand upon a moun- 
tain-top nearer to Heaven than all else, with the privileges 
that are denied to other beings ; yet the very height bids 
us to tread carefully, lest we fall into the depths below. 

With the coming of man, the progress of life on this 
earth seems to have been, in the main, completed. Some 
changes may take i)lace in the lower life ; the insects and . 
other lower groups may become more varied, and rise to 
a higher level, but man is the highest of all the backboned 
animals. The earlier days of the eai'tlv ^^viuv U\ Ivav^^ been 
times for the growth of bodies, \v\\\\^ v^xvv '^^w *C\xsv<^'^ 



202 THE ORIGIN OF ORGANIC UFB. 

peculiarly an age of mind. The future of this wonderful 
world comes each day more and more into the keeping 
of man. He subjugates its animals and plants to his uses; 
destroys them, or changes their form and habits to liis 
needs ; already he has destroyed several species of birds 
and other animals, and, though some insects now baffle 
him, he will doubtless, in the coming ages, have the whole 
world at his feet. But, when he comes to a sense of the 
duties which his power lays upon him, he will surely be 
merciful to this poor dumb life that has fought with his 
ancestors in the great battle of the world, through all its 
ages, and has failed to win the crown of life that is his 
alone. 



itOOF THAT THE EARTH IS VERY OLD. 



LESSON II. 

PROOF THAT THE EARTH IS VERY OLD. 

T ia only slowly, and with mucli difficulty, that we have 
■lied how ancient a thing our eartli j'eally ia. Many 
itixtive accounts of its sudden creation have been 
nd in the sacred books of various Easteni peoples, 

these accounts cannot be taten as representing the 
nal facts of the earth's history. Man is, himself, so 
rt hved, that he cannot imagine the vast duration of 

Past since hfe began upon the earth ; at most he may 
lember a century of time, yet this term of the longest 
Tian life falls like a drop into the great sea of geological 

r^et UB notice some of the simpler proofs of the earth's 
!at antiquity. Take any pebble in hand: consider 
at time it requirea to aliape this bit of atone to round- 
is ; how it must pound on the seashore, roll in a rivgr- 
i, or grind beneath a glacier before it becomes slowly 
'ten into this shape ; yet there are great maaaea of rocks, 
uaands of feet in thickness, and stretcluiig for hundreds 
niles, made up of such pebbles. Look at the sands of 
stores, or of the tens of thousands of feet of sandstones 
t cover the earth, and consider how long it musUjiave 
Uired to bruise their grains into this small si^and 
1' them into the sea where they were biiilt into rocks. 
-u, after they were built on the sea-floora, they have 
n lifted into the air, and afterwards carved into valleys 
I hills. 

Cake a thick section of limeat,<.>nes, sa,y oue \.\io\i%M.A. 
uj^ such US ivo may find 'in. iuai\^ cw'Vi.'^ 
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consider that all of it has been in the bodies of animals 
that have grown and died in the sea, slowly giving their 
dead bodies to make the limey beds, it has thickened, 
not faster, ]>erliaps, than the hundredth of an inch a year, 
until at the end of one million two hundred thousand 
years it would be finished. There are deep valleys carved 
in this limestone, such as we may find in many re^oiis 
where streams cut through hills or mountains. Now, in 
old countries, such as those of Europe, we can often prove 
how deep the valley has cut in one thousand years, or in 
the natural term of life of about twenty generations of 
men ; we find, i)erhap8, that the valley deepens at the rate 
of two feet in one hundred years ; but as the valley is, say, 
three thousand feet deep, we see that it has required, at 
least, two and a half million years for it to be carved out. 
In fact, there Avould be a yet larger time required, for the 
reason that the hills that form this valley are slowly wear- 
ing down, as well as the bottom of the valley itself, so that 
if we go back to the time when water began to run down 
these slopes and earve them into hills and dales, we might 
have to go many times as far into the Past. 

Take the Falls of Niagara : these falls have slowly re- 
treated u{) stream all the way from Lewistown, near Lake 
Ontario, to tlieir present place ; they are still mounting up 
stream, as tlieir edge wears away, at the rate of about foui 
feet jL^i one hundred years, so that seventy thousand yeai'S 
has certainly elapsed since they began to form. 

In the peninsula of Florida, the southern part of it, ^^ 
least, has been formed by successive coral reefs, whi^^ 
gn^w, one after the other, further and further southwards* 
Agassiz has reckoned that it required hundreds of thous^ 
amis of years for tliese reefe to ^to>n \ ^<^t \iotk these grefti., 
HljWrJc^, the building oi t\ve ¥\ot\^^ x^<il'& ^w^ "Qw^ ^^^x^^*- 
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igara Falls up to its present point, are among the most 
ent things in the shaping of the world, — almost every 
er-valley and every hill in America is an older monu- 
nt of the earth's forces. We know tliat the lands change 
iir level very slowly along most shores ; the change is 
slow that we call the land stationary; tlie greatest 
iiige is that which is going on in Sweden, where the land 
es as much as three feet in a hundred years; yet we 
ow that many lands have been alternately sunk below 
J seas, and lifted into the air, perhaps a score of times. 

bring about such changes requires an inconceivably 
tg time. 

If we study the life history of the earth, we find other 
ngs to show us how long the Past has been. Plants 
i animals change but slowly; we know that there 
i been very little change in the last four thousand 
irs, for in the Egyptian catacombs we find a host of 
immied animals and plants, every one the same as the 
ing kinds. The life on the earth changes very slowly, 
e kind dying and another coming in, so that it requires 
^ast period altogether to change the life ; yet we know 
it many times, perhaps fifty times, a nearly complete 
ange of life has come about, so that any creature 
ing through all the ages that living beings have been 

earth would have been able to see about all the life 
•^ewed by these slow changes, at least fifty successive 
^es in the earth's history. 

There are many other evidences that the duration of 
e earth's past is far greater than we can imagine, or in 
'y way figure to ourselves. Putting together all the facts 
^^t we have, it seems tolerably certain that suice ih:; time 
nen the earth was first fit for life, somewhere betwecm 
^^ hundred million and four huudreOL \ii\5X\o\\ >jVi.^\>a\vANVi. 
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gone by. We may build a sort of pictnre of f 
length of time in tbis way: in one mile there ara 
five thoiisaud feet; call the whole time of the long* 
man life one hundred years ; measure off one long BtejK 
this mile of length to represent one such hiimaii life, tl 
the whole mile will represent only one-half a million yo( 
and it would require, perhaps, a thousand miles of leuj 
to give HB a diagram which ehould represent the time eU, 
life came on the earth ; and three feet on this length wff 
represent the years of the longest-lived men. When 
have seen what happens in the sjiace of one human life, 
thousands of earthquakes and volcanic eruptions ; thQ 
ands of great storms that beat the shores ; vast streto 
of land grown dry or sunk beneath the sea ; pestilea 
and famines, and a myriad other changes, and then n 
tiply these by a thousand times a thousand, we gain a 
faint idea of what a epoch the world's past has been, i 
can imperfectly imagine how great the changes have b 
in such a time. 

A large part of the work of the geologist conaistt 
an effort to trace out the history of this past, to 1 
how the lands and seas were shaired in the different per 
of the earth's history, what creatures were living at 
several times, and how they were succeeded hy 
and higher forms. This has been slow and perple] 
work, but there have been several thousand person 
work upon it during the pa«t hundred years or mom 
that we now have a tolerably clear account of the stl 
through which the earth has passed in its long hjat 
In the following chapter a brief outline of this wondf 
history is given. 

li is n(»t easy to give in a few words an idea of ham 
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the earth's long history, j-et it is important that the reader 
should get some idea of the ^^'ays in which it has beeu 
done. 

One of the most nsefiil clews that we have to the his- 
tory of the earth is had from the beds of rock which wc 
"lay find on the land. We can show how these Ix^ds teach 
hy noticiijig what is shown in the figure. This lepresents 
in a rough way a section from the Bine Ri<lge of Virginia, 
westward to beyond Cincinnati. Ohio. On the right, the 
crumpled rocks are composed of granites and other crystal- 
line rocks ; to the left, the beds show limestones, sandstones, 




Fif/. \n. 
Section from Blue Hidj2:e to west of Cincinnati, (Jliio. 

*nd slates; those covered with dots, conglomerates; 
those shaded black, the beds that bear the coal. Now, as 
^'1 these beds, except the coal, were formed bcineath the 
^^^ Ave perceive how great must have been the cliang(\^ 
''Jnce the earliest of them were formed. Those changes we if 
^follows: first, the mountains of tlu^ Blue Hidge exisliMl 
^ inountains rising above the sea Ix'fore all the others 
^^^ formed; this is shown by the fact that the lowest 
'^ contain pebbles worn from their rocks, and they lie 
^P against the granites, etc., in what is called an mwonform- 
*^fc position; that is, the newer beds do not slope the 
I >anie way as the oJd, sljowing lliat t\\e vAOl WA. \ivivi\\ \JWvi\ 
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anil eoveierl liefme tlrt new were foi-med; we see tlmt 
these beds including the coal measures are tilted np to 
form the Alleghenies. 

Going further west, we see a broad ridgo in the rocks. 
At Cincinnati there is a very wide, low mountain. By 
closely examining the position and character of the roets 
here, we can prove that this ridge was in part formed long 
before the time of the coal. It has on its western side 
fossil coral reefs, such as are now formed on mountains in 
the warm seas where a current sets against their shores- 
Next, we notice that the various rneks that are repre- 
sented in this diagram are thickest towai'ds the. east, 
and thin out towards the west; the beds of pebbles, 
abound near the Blue Kidge, and fade out westwardly into 
sandstones or fine inuda. This showa us that the land 
was to the east of the old aeorfloora on which these de- 
posits were laid down, for pebbles always grow smaller as 
we go away from the shores. 

There are many other ways in which geologists are able 
to infer the succession of events, and the conditions that 
existed on the earth's surface in past times. There ars, 
indeed, many otiter well-founded conclusions that oa& W 
drawn from this section ; but enough has beeii noted tB&ii 
dicate one of the principal ways in which geoluglsta 
The rocks foi-m a great stone book, the pages are 
ragged, and the signs hard to decipher, hut the stoqf^J 
still plain if we study it well. 



CHAPTER XII. 



BIEF ACCOUNT OF THE SUCCESSION OF EVENTS J 
ON THE EARTH'S .SURFACE. 



THE EARTH BEFOHE ORGANIC LIFE BEGAN. 

EIE earliest stages of the earth's luatory are not \vritten 
in its rocks, so that all we know about tlio matter 
es from the studies of astronomers upon the distant 
Ids of space, many of which are passing through the 
jgea that our world must have endured in becoming I 
For life. These very distant stages of change were t 
jably about as described beluw. 



Fig. 92. Nebului of Oriua. 
[I the beginning our earth, along with the sun and the 
iT planets of the eolar system, existed aa a very la.r^i 
8 p}£nely-divided matter muc\i Aike b. ^as., ^jiesQ. 
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I file distant stare throa^ a strong telescope, it iroold lam 
appeared as a &mtlj r^hining mass, like what astrouoinera 
call rubaia. The particles of this gas all attracted eacli 
other, which caused them to fall in towards the centre 

I of the mass, and as they fell thej all begaa to swine; 

' aronnd in the same direction as the planets now swing 

I Around the son. Theo this mass of matter began to diviile 
hito circles like those strange rings that girdle the planet 
eatum. When these rings became tolerably separated 
■ from the mass within them, they brote up, and weW 
gathered into a sphere. As the old outer rings of Siiturn 




have been changed into moons, one after another of thei 
rings formed in the great mass of 'gas, and were gatherei 
into the separate planets. These several planets eau' 
then shrank, fonning separate small rings, like the g 
rings from which they were shaped; these rings I 
to pieces produced the moons or satellitea of which all t 
planets, except possibly Venus and MBrcury, have o 
more. As if to prove that this was the way in ■^ 
planets and moons were formed, the planet Saturn j 
eervea one of its rings that has not collapsed into a mot 
j'eniaxns aa a ringi ^* "i* ^cfw^ \q. iW ■ 
nut pcrfetifVy ceitaVo. \\, \a ^iq 
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something like the first stage in the development of 
or earth. 

When it first separated from the great shrinking mass 
*. our solar system and became a sphere-like body, the 
atter of our world was veiy likely still a mass of gas, 
hich was more than half a million miles in diameter, 
ctending beyond the orbit of the moon. It then could 
3t have been as solid as the air that now lies on its sur- 
,ce. But, as it shrank into more and more solid forms, 
too formed an outer ring, which in time was broken up 
id gathered into our moon. 

As the remaining mass of our earth became more solid 
om the falling of its particles towards the centre, a great 
3al of heat was developed. We see when a meteor falls 
1 the earth, or a hammer falls upon iron, that heat is 
ade to appear when the motion is arrested, and as these 
urticles of matter tumbled towards the centre of the 
irih's mass, the whole gradually became hotter and 
)tteT, until the gas was by the crowding together of its 
uridcles converted into a very hot fluid sphere, not much 
rger than the present earth. As the vacant space out- 
de of the earth was exceedingly cold, having a temper- 
nire cf one or two hundred degrees below zero, this great 
filing mass of earth-matter slowly jjarted witli its heat, 
iitil it became solid enough to bear a crust of frozen 
)cks that enclosed the hotter matter Avithin. Then the 
ater which had been kejit in the state of gas above the 
irth came down upon its surface and wrapped it witli 
le oceans. Now, for the first time, tlie earth bof^an to 
D like the world we know; the machinery of its phy.-j' 
il life, the winds, the ocean-currents, and tlie rivers, 
ime into being, and all was made ready for life to ]}(:'/iu. 
1 what way life began we do not Vvow •, nnvi ^a^-x \a\<>>4; 



212 EVENTS OK THE EABTH'S SUBFACE. 

that all our experiments appear to show that life, even m 
the lowest forms, seems to be always derived from other 
life, and not able to start even in the simplest forms from 
dead matter. But once begun, the whole world of progress 
became open to it. 
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LESSON II. 

HISTflEY OF OWJANIC LIFE. 



The geologist cannot find his way back, in the record of 
''e great stone book, to the fcir-off day when life began. 

be various changes that come over rocks from the action 
^ heat, of water, and of pressure, have slowly modified 
'«se ancient beds, so that they no longer preserve the 
^tties of the animals that were buried in them. 

These old rocks, which are so changed that we cannot 
'y longer make sure that any animals lived in them, are 
"led the "archEean," which ia Greek for ancient. They 
^*'e probably mud and sand and limestone when first 
^de, but they have been changed to mica schists, gneiss, 
'^mite, marble, and other crystalline rocks. When any 
'Ck becomes crystalline, the fossils dissolve and disap- 
-ar, as coins lose their stamp and form when they are 
■elted in the jeweller's goId-p<it, 

These ancient rocks that lie deepest in the earth are 
Sty thick, and must have taken a great time in building ; 
Peat contiuents must have been worn down by rain and 
'aves iu order to supply the waste out of which they 
'ere made. It is tolerably certain that they took as 
luch time during their making as has been required for 

I the other times since they were formed. During the 
iist ages of this. archiean the life of our earth began to be. 
Ve first find many certain evidences of life iu the rocks 
■hich lie on top of the archsean rock, and are known 
) the Cambrian and Silurian periods. There we have 
:«atures akin to oiir corals and crabs and worms, 
MJ^&bera that are the diataiit kinirei ol ft^t wiSSfi^^ 



HhIhih aikI of nur laniji-flhells. There were no ladlpowd 
tuiiniulH, tiiiit U t<) say, no land mammals, reptiles, w 
flntitft at tliix Ht»ge (if the earth's history. It is nr>t libl; 
that tlluro wm any land life except of plants and tliose 
forntH likit tlic lowuHt ferns, and probably mosse^ Sot 
in it likuly Unit tlivre were any large contineuts as attlie 
pi'RMiiit Ihiiv, hut rather a host of islands lying where llie 
ffftuii iitniln now are, the budding tojia of the continents 
jimt n)i|i('unii^ iihovu the sea. 

Altliiiit);!) (he life of tluH time was far simpler than kt 

th» |iri;N(iiit iltiy. it )iiid about as great variety as we would 

tlltd on our [urMuiit »ca-(loorB. There were as manyJif" 

^^^JSeruul MiKJuicK living at Ihr siime time on a given surface. 

Tho Camhriun and Silurian time — the time before the I 
outniiig of the liuhea — must have endured fnr many roil-] 
lion yeai'B without any great change in the world. HostsJ 
\ of spooies lived and died ; half a dozt'ii times or more tl 

life of tho earth was greatly changed. New speeies Qtiaem 

much like tlioso that had gone before, and only a little gw^' 

s niul there was \)evce\itlble at any time. Still, attbej 

jie Sitririan,the Wfe «? tVd \s(*t\&-\\?A iXvnS^j 

ler in struetuvw \u\v\ \" \w\.e\V\^e.aie. 
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The next set of periods is known as the Devonian. It 
s marked by the rapid extension of the fishes ; for, al- 
though the fishes began in the uppermost Sihirian, they 
irst became abundant in this time. These, the first strong- 
jawed tyrants of the sea, came all at once, tike a rusli of 
the old Norman pirates into the peaceful seas of Gt. 
Britain. They made a lively time among the sluggish 
beings of that olden sea. Creatures that were able to 
meet feebler enemies were swept away or oompelled to 
undergo great changes, and all the life of the oceans 
seems to have a spur given to it by these quicker-formed 
and quicker-willed animals. In this Devonian section of 
3ur rocks we have i)roof8 that the lands were extensively 
severed with forests of low feni trees, and we find the 
first trace of air-breathing animals in certain insects akin 
to our dragon-flies. In this stage of the earth's history 
the fishes grew constantly more plentiful, and the seas 
dad a great abundance of corals and crinoids. Except for 
the fishes, there were no very great changes in the char- 
itcter of the life from tliat which existed in the earlier 
time of the Cambrian and Silurian. The animals are 
constantly changing, but the general nature of the life 
remains the same as in the earlier time. 

In the Carboniferous or coal-bearing age, we have the 
second great change in the character of the life on the 
earth. Of the earlier times, we have preserved only 
the rocks formed in the seas. But rarely dn we find any 
trace of the land life or even of the life that lived along the 
shores. In this Carboniferous time, however, we have very 
extensive sheets of rocks which were formed in swamps in 
the way shown in the earlier part of this book. They 
sUtute our coal-beds, which, though much worn away 

L Btill cover a large pint ot tJc^e. \si.ia!^ 4MSXW*. 
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Thci*eb«(Ijiof coalgrewin thp air, ani], although the Ewampa 
where they were furmed hail very little animal life in them, 
we fitiii Hotne foasils which tell us that the life of the Und 
wan making great prngress; there are new insects, inclad- 
iiig Iwetlef), cockroaobes. spiders, and scorpions, and, wiiat 
in far luiire important, there are some air-breathing, back- 
boned ai:imala, akin to the salamanders and wat«r-dogs d 
the prcBeiit lUty. These were nearly as large as alligators, 
and of much the same shape, but they were pruhablj 
born from the egg in the shape of tadpoles and lived for 
a time in the water as our young frogs, toads, and aaW 




Fig. U6, RiuiluepH Lyelli — Coal tiiub sxlitnianiJor. 
mandors do. Tliia is the first step upwards from the 
fwhes tJi lunil vertebrates ; and we may well be interested 
ill it, for it niakpa one most important advance in crear 
Lures tliiijugh whoso lives our own existence became pos- 
sible. Still, these ancient woods of the coal period must 
have lind littlo of the life we now associate with the 
forests ; there wore still no birds, no serpents, no true 
lizards, no suck-giving animals, no flowers, and uu fruilB- 
These coal-period forests were sombre wastes of shade, 
with no sound save tliose of the wind, the thunder, and 
the volcanOi or of tlie lunmug atiieams and the vravea (» 
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BBmi tlie Beas of the Carboniferous time, we notico 
~Wiat the ancient life of the earth is passing away. Many 
creatures, such as tlie trUobites, die out, and many 
other forms such as the crinoids or sea lilies lieconifl 
fewer in kind and of less importance. These markH .if 
decay in the marine life continue into the beds just aftor 
the Carboniferous, known as the Permian, which are really 
the last stages of the coal-bearing period. 

When with the changing time we pa«H to the beda 
known as the Triassic, which were matie just after the clone 
of the Carboniferous time, we find the earth undergoing 
swift changes in its life. The moist climat« and low landii 
that caused the swamps to grow so rapidly have ceased to 
he, and in their place we appear to have warn), dry air 
and higher lands. 

On these lands of the Triasttic (ime the air-breathiuf; life 

I made very rapid adraneea. The plantM are »**n Ui aa- 

dergo considnable changes. The ienua no longer m«k« 

up an the forests, bat bees mtire like the jamst be^an tn 

abound, and imecto becsuD6 more plentiftU and : 

varied. 

Hitiierto tiw only LumJ hack^iwui i 

>'ow we liAie ^ 
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ance, many of them of large size. Some of tfaein wen 
probably plant-eaters, but most were flesh-eaters: some 
seem tx) have beeo tenants of the early swamps, and 
fiome dwelt in the forests. 

The creatures related to the salamanders have increased 
in the variety of their forms to a wonderful extent. We 
know thetu best by the tracks which they have left on 
the mud stones formed on the borders of lakes or the ei^E 
of the sea. In some places these footprints are fouml i" 
amazing numlwrs and perfection. The best place for 
them is in tlie Connecticut Vallev. near Turner's Falls, 



Fig. 97. Foot-priut3, CoQuecticuC Sandstoues. 
Mass. At this jioint the red sandstone and ahale beds, 
which are eonipnsed of thiu layers having a total thickness 
of several hundred feet, are often stamped over by these 
footprints like the mud of a barnyard. From the little 
WB can determine from these footprints, the creatures 
worn to have been somewhat related to our frogs, hut 
they generally had tails, and, though provided with four 
legs, were in the habit of walking on the hind ones alone 
like the kangaroo. A few of these traclts are shown in tSw 
Bgiu'u on this ^lage. 

Tbeae strange creatures weTe ai wol-k^ different s;pecies^ 

rjo of them must W\i' Wen slts. q^,- 
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Tor tbeir steps are as miitili an three feet apart, and seem 
to imply a creature weigliuig aeveral hundred pounds- 
Others were not bigger than robins. Strangely enough, we 
have never found their bones 
nor the creatures on whicli 
they fed, and but for the for- 
mation pf a little patch of 
rocks here and there we 
should not liave had even 
these footi)rint8 t« prove to 
us that aueh creatures had 
Uved in the Connecticut Val- 
ley in this far-off time. ^.as. Foot-print. Tumen Falls: 

But these wonderful forms are less interesting than two 
or three little fossil jaw-bones that prove to us tliat in tliis 
Triassic tiuie the earth now bore another animal more akiu 
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to ourselves, in th^ Bha[>e of a little creature that gave 
suck to its young. Once more life taket* a long upwrard 
step in thi>' little opossum-like animal, jierhaps the iini 
creature *hose young wae born alive. These little avor 
tvner called MierrAeutet or Dromatherium, of which onlyoBw 
or two different but related ttpecie* have been found it. 
I and in North CaroUia, avt«« \ftN»«t> 
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««ct-«at«TB of sboot the size and shape c^ the AoEtnUan 
creftture ahnwD in Fig. 100. So tar we know it in but fev 
upecimons, — altogether only an oonce or two of bones,— 
they are very precioojs moumnents of the past. 

In this Triage time tlw 

eiimate appears to have been 

■ ^^^ rather dry, for in it we haya 

^^^^^^ff^m&ny extenrnve deposits of 

^^^ ^^^^^^m^ salt formed by the eviipora- 

JH^^ ^^^^PIQk ^^ closed lakes, of seas, 

^B^V^^^^^r |4 such as are now fomung on 

^^■|^|HE^ the bottom of the Dead Sea, 

^^gjgl^ and the Great Salt Lake of 

Utah, aitd a hundred or mote 

"' other similar basins of t^e 

MynuecoblUH. , , 

present day. 

In the Rea animals of this time we lind many chaBgeS> 

Already some of the giant lizard-like animals, which fiist 

took .sliiiije on tlie land, are becoming swimming animals. 




Fin. lin. Ii:tliyosaiicii3 nnd I'k 

BTImy change their feet to paddles, which, with the help J 
. (IttttLMiud tail, force them swiftly through the water. | 
10 l\»hti^ on wUitli l\veae ^reat swSsramw^ '^^aaxd^ J 
d nro nioro like the Vis^ea qE oms -^tc^ksa. ^ks 'fitaa 
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they were before. The trilobites are gone, and of the cri- 
ttoida only a remnant is left. Most of the corals of the 
earlier days have disappeared, but the molIuBka have not 
changed more than they did at several different times in 
Hie earlier stages of the earth's history. 

After the Trias comes a long succession of ages in 
■which the life of the world is steadily advancing to 
higher and higher planes; but for a long time there is no 
Buch starthng change as that which came in the passage 
ftom the coal series of rouks to the Trias. This long set 
of periods is knuwn to (jmlnyists as tlie age i>f reptiles. 
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well Tiumed, for the kmdied uf the h/ards tlieri had 
the control of the land. There were then none of our 
lai^e fish to dispute their control, so they shaped them- 
selves to suit all the occupations that could give them a 
chance for a living. Some remained beasts of ]>rey like 
our alligators, but grew to larger size ; some took to eat- 
ing the plants, and eaine to walk on their four legs as our 
ordinary beasts do, no longer dragging themselves on 
their bellies as do the lizard and alligator, their lower 
iindred. Others became flyiug creatures like our bats, 
only vastly larger, often with a spread of wing of fifteen 
or twenty feet. Yet otJiers, eveu as ft\,xau^ft\'g '^oajift&, 
^gt^rith the sharks in the sea. 



In this time of the earth's history we have the first bint 
like forms. The j were feathered creatures, with bills ei^ 
rying trae teeth, and with strong wings; but thef iKX* 
reptiles in many features, having long, pointed tails RXS 
:is mine of our existing birds have. They show us tMt 
the birds are the descendants of reptiles, coming off from 
them as a branch does from the parent tree. The tON 
toises began in this series of rocks. At first they are 
marine or swimming fnnns, the box-turtles coming later. 
Here too begin many of the higher insects. Creatures 
like moths and bees appear, and the forests are enlivened 
with all the important kinds of insects, though the species 
were very different from those now living. 

In the age of reptiles the plants have made a consid- 
erable advance. Palms are plenty ; forms akin to our 
pines and firs abound, and the old flowerless group 
ferns begins to tihrink in size, and no longer spreads its 
feathery foliage over all the land as before. Still there 
were none of our common broad-leaved trees ; the world 
had not yet known the oaks, birches, maples, or any of our 
hard-wood trees that lose their leaves in autumn ; nor 
were the flowering plants, those with gay blossoms, yet 
oil the earth. The woods and fields were doubtless fresh 
:iiid green, but they wanted the grace of blossoms, plants, 
.mil singing-birds. None of the animals could have had 
Mm social qualities or the finer instincts that are so com- 
mon among animals of the present day. There were prob- 
ably no social animals liko our ants and bees, no merry 
Hinging creatures; probably no forms that went in herds. 
Life was a dull round of uncared-t'ur birth, cruel self- 
Htiuking, and of death. The animals at best were elumHyi 
/wurly-eiiiiowed creatures, with hardly more intelligeuise 
[gators. 
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Tlie little thread of liigher life begun in the Micrn- 
lei^tes and Dromatheriitni, the little iDsect-eating iiiamnials 
af the forest, la visible all through this time. It held in 
its warm blood the powers of the time to come, but it 
was an insignificant thing among the mighty cold-blooded 
reptiles of these ancient lands. There are several species 
of them, but they are all small, and have no chance to 
make headway against the older masters of the earth. 

The Jurassic or first part of the reptilian time shades 
insensibly into the second part, called the Cretaceous, 
which immediately follows it. During this period the 
lands were undei^oing perpetual ehaiiges ; rather deep 
seas came to cover much of the laud surfaces, and there 
is some reason to believe that the climate of the earth 
became much colder thau it Lad been, at least in those 
regions where the great reptiles had flourished. It may be 
that it is due to a colder climate that we owe the rapid 
passing away of this gigantic reptilian life of the previous 
^;e. The reptiles, being cold-blooded, cannot stand even 
a moderate winter cold, save when they are so small that 
they can crawl deep into crevices in the rocks to sleep the 
winter away, guarded from the cold by the warmth of the 
earth. At any rate these gigantic animals rapidly ceased 
to be, HO that by the middle of the cretaceous period they 
were almost all gone, except those that inhabited the sea ; 
imd at the end of this time they hud shrunk to liftBds in 
size. The birds continue to inorea&e and to be^l 
like those of our day; their tails shrink away, 
bills lose their teeth ; they are mostly water-birds of large 
size, and there are none of uuf songsters yet; siill they 
are for the first time (wrfect birdii, and no longer half- 
lizard in their nature, 

t change in the lAantai* luttuft. w ** J 
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iug of the broad-leaved trees Ijelonging to the families d 
onr oaikE, maples, etc. Now for the first time our voods 
take on their asi)eet of to-day; jiines and other wne- 
lieareni mingle with the more varied foliage of nat-beariiig 
or large-seeded trees. Curion&ly enough, we lose sight ot 
ihe little niatnmals of the earlier time. This is prohably 
because there is very little in the way of land animals uf 
this period preserved to us. There are hardly any mines 
or quarries in the beds of this age to bring these fossils 
to light. In the most of the other rucks there is more to 
tempt man to explore them for coal ores or building 
stftnes. 

Ill passing from the Cretaceous to the Tertiary, we enter 
iipfiii the threshold of our modern world. We leave be- 
hind nil the great wonders of the old world, the gigantic 
reptileH, the forests of tree ferns, the seas full of ammo- 
nites and helemnites, and come among the no leas wonder- 
ful but more familiar modern forma. We come at once 
into lands and tieas where the back-boned animals are the 
niiing beings. The reptiles have shrunk to a few low 
forms, — the small lizards, the crocodiles and alligators, 
tlio tortoises and turtles, and, as if to mark inore clearly 
the bimishmerit of this group from their old empire, the 
Herpents, which are peculiarly degraded forma of reptiles 
which have lost the legs they once had, came to- be thi 
coniinonest rcptilcH of the earth. 

Tlio first mammals that have no pouches now appear. 
In earlier times, the suuk-giving animals all belonged to 
the group that contains our opossums, kangaroos, etc, 
Thenc creatures are much lower and feebler than the 
maiiiiiialB that have no pouches. Although they have' 
jirohahSy baen on the eavtli tvjti ox t\ise& twaea as long bs 
liij^hor luunimals, tA^ey Wve ugnct B.\.\Sk\w^ 
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nent succese whatever; they cannot endure cold climates; 
none of them are fitted for swiramiug as are the i.«al8 and 
"whales, or for flying as the bats, or for l.urrowing as the 
xuoles; they are dull, weak things, which are not able to 
contend with their stronger, better-organized, higher kin- 
dred. They aeem not only weak, but unable to fit them- 
selves to many different kinds ttf existence. 

In the lower part of the Tertiary rocks, we find at once 
a great variety of large beasta that gave suck to their 
young. It is likely that these creatures had come into 
existence in a somewhat earlier time in other landa, 
where we have not been able to study the fossils; for to 
make their wonderful forms slowly, as we believe thera to 
have been made, would require a very long time. It 18 
probable that during the Cretaceous time, in some land l| 
where we have not yet had a chance to study the rocks, | 

these creatures grew to their varied forms, and that in the 
beginning of the tertiary time, they spread into the re- I 
gions where we find their bones. « 

Beginning with the Tertiary time, we find these lower | 
kinsmen of man, through whom man came to be. The j 
mammals were marked by much greater simplicity and i 
likeness to each other than they now have. There were 
probably no monkeys, no horses, no bulls, no sheep, no 
goata, no seals, no wliales, and no bat«. All these aniiuab 
had many-fingered feet. There were no cloven feet like 
those of our bulls, and no solid feet as our borees have. 
Their brains, whieh by their size give us a general idea of 
the intelligence of the creature, are small ; hence we con- 
clude that these early maaunaU were less intelligent than 
those of our day. 

It would require volumes to tr&ce ttub tusXwrj «l ^fcfc. j 
^aaa|£& of these early matamalK, a»& ilotiw ^3Kr« ^iw^^'Aa^^l 
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^^y ttep, came to Uieir present higher state. We will lake 
<m\y one r/f the nmpleiit of tbe«e changes, which hspjieiu 
Ut Iw uliK) thft oii« which we know best. This is tk 
1,'harige llxit led Ui thu making of oar cominoD bones, 
which Mcni to have been hrwught into life on the aioti- 
neiit of North America. The most singolar thing about 
our homvH in Uwt the feet have but one large toe or 
llngnr, the hoof, thii hard covering of which is the nail of 
thut extremity. Now it tu^ma hard to turn the weak. 
(IVffliiiKTed feet of the animals of the lower tertiary — feet 
wliii^h Ndiiiii to lie better fitted for tree-climbing thaa any- 
thing oIhc — int^) f«et Huch as we find in the horse. Yet 
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llin I'lmngo in brimj{lit lUxmt by easy stages that lead the 
MiiootiKhivo rreatiirnH from the weak and loose-jointed foot 
III' tlio iincicnt IVirnw to the solid, single-lingered horse's 
luinr, wlli^^ll i« wondt'rfnlly wGll-fitted for carrying a lai-ge' 
Imiwt at II swift ajieed, and is so strong a weapon of de- 
fvnud that an active donkey can kill a lion with a well* 
dollven'd kick. 

The oldest of these creatures that lead to the horses 
oaUct] KohippM, i>r Wginning horse. This fellow had oQ 
tiio /"on'feot four \ai-g« tocB, eac\v >»\V>\ a. ««i».li b«of ajoA 
iiiinerfect one, w\yIc\\ ans.\«e'K«i xo v\«; -Casas^a. -xs 
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liind feet had gone furtlier in the change, for they each 
had but three toes, each with Itoofs, the middle-toed hoof 
larger and hanger than the others. A little later toward 
our day we find another advance in the Orohippus, when 
the little imperfect thumb has disappeared, and there are 
only four toes on the forefeet sind three on the hiud. 

Yet later we have the Mesohipput or half-way horse, 
There are still three toea on the hind foot, but one more 
of the fingers of the forefeet has disappeared. This time 
it is the little finger that goes, leaving only a small bone 
to show that its going was by a slow shrinking. The 
creature now has three Uttle hoofs on eaoh of its feet- 




Still nearer our own time comes the Mtohippun, which 
shows the two aide hoofs on each foot shrinking, up so 
tiiat they do not touch the ground, but they still bear 
little hoofs. Lastly, iibout the time of man's coming on 
the earth, appears his faithful servant, the horse, in which 
those little side hoofs have disappeared, leaving only two 
little "splint" bones to mark the place where these side 
hoofe belong. Thus, step by step, our horses' feet were 
huilt up ; while these parts were changijig, the other parts 
of tlie animals were also slowly altering. They were at 
D-aUer than our horses, — fiomtt oi \Ib.env wA. ^^Veajge. 



as ail ordiuary Newfoundliui<l dog ; others as small is 
foxes. 

As if to remind us of hie old shape, our horses now 
and then, but rarely, have, in place of the little splint 
hones above the hoof, two smaller hoois. just Uke the fnol 
of Miohippwt. Sometimes these are alntut the size of n 
silver dollar, on the part that receives the shoe when 
horses are shod. 

In this way, by slow-made changes, the early maimnals 
pass into the higher. Out of one original part are miide 
limbs as different as the feet of the horse, the wing of a 
bat, the paddle of a whale, and the hand of man. So 
with all the parts of the body the forms change to meet 
the different uses to which they are put. 

At the end of this long promise, which was written in 
the very first animals, comes man himself, in form closely 
akin to the lower animals, but in mind immeasurably apart 
from them. We can find every part of man's body in a 
little different shape in the monkeys, but his mind is of 
a very different quality. While his lower kindred cannot 
be made to advance in intelligence any more than man 
himself can' grow a horse's foot or a bat's wing, he is con- 
stantly going higher and higher in his mental and moral 
growth. 

So far we have found but few traces of man that lead 
us to suppose that he has been for a long geological time 
on the earth, yet there is good evidence that he has been 
here for a hundred thousand years or more. It 
l)retty clear that he has changed little in his body iu 
all these thousands of generations. The earliest remains 
show us a large-brained creature, who used tools and 
probably had already made a servant of fire, which m 
\dinirablv aids him in ^w wovk. 
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jBideB the development of this wonderful eerics of 
animals, that we may call in a certain way our kindred, 
there have been several other remarkable advances in this 
Tertiary time, this age of crowning wonders in the earth's 
history. The birds have gone forward very rapidly; it is 
■likely that there were no songsters at the first part 
of this period, but these singing birds have developed 
very rapidly in later times. Among the insects the most 
remarkable growth is among the ants, the bees, and their 
kindred. These creatures have very wonderful habits; 
they combine together for the making of what we may 
call states, they care for their young, they wage great 
battles, they keep slaves, they domesticate other insects, 
and in many ways theii' acts resemble the doings of man. 
Coming at abont the same time aa man, these intellectual 
insects help to mark this later stage of the earth as the 
intellectual period in its history. Now for the first time 
creatures are on the earth which can form societies and 
help each other in the difficult work of living. 

Among the molluaks, the most important change is in 
tlie creation of the great, strong swimming squids, the 
most remarkable creatures of the sea. Some of these have 
arms that can stretch for fifty feet from tip to tip. 

Among the plants, the most important change has been 
in the growth of flowering plants, which have been con- 
stantly becoming more plenty, and the plants which bear 
fruits have also become more numerous. The broad- 
leaved trees seem to be constantly gaining on the forests 
of narrow-leaved cone-bearers, which had in an earlier 
day replaced the forepts of ferns. 

In these Tertiary ages, as in the preceding times of the 
earth, the lands and seas were much changed in their 



shape. It seems that in the earlier ages th<* land hsd 
been raoBtly in the shape of large islands grouped close 
together where the continents now are. In this time. 
these islands grew together to form the uuit«d laudii of 
Euro;ie, Asia, Africa, Australia, and the twin American 
continents; so that, as life rose higher, the earth vtas 
hetter fitted for it. Still there were great troubles that 
it had to undergo. There were at least two different 
times during the Tertiary a^e termed glacial periods, 
times when the ice covered a large part of the northern 
continents, compelling life of all sorts to abandon great 
regions, and to find new places in more southern lands. 
Many kinds of animals and plants seem to have been de- 
stroyed in these journeys ; but these times of trial, by 
removing the weaker and less competent creatures, made 
room for new forms to rise in their places. All advance ui 
nature makes death necessary, and this must come to 
races as well as to individuals if the life of the world is 
to go onward and upward. 

Looking back into the darkened past, of which we yet 
know but little compared with what we would like to 
know, we can see the great armies of living beings 
led onward from victory to victory toward the higher 
life of our own time. Each age sees some advance, 
though death overtakes all its creatures. Those that es- 
cape their actual enemies or accident fall a prey to old 
age : volcanoes, earthquakes, glacial periods, and a host of 
other violent accidents sweep away the life of wide 
gions, yet the host moves on under a control that lies 
beyond the knowledge of science. Man finds himself 
here as the crowning victory of this long war. For him 
all tluB life appears to have striven. In bis hands lies the 
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t of all its toil and pain. Surely this should make 
el that our duty to all these living things, that have 
jd in the struggle that has given man his elevation, is 
:., but above all great is our duty to the powers that 
been placed in our bodies and our minds. 
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CSYSTALLITm ROCKS. 
\UR rapid glance at the ma<ihinery of the world has 
shown us some little of most of the great engines 
"that are at work within, upon, or without it, — engines 
that make it the wonderful workshop that it is. Let ua 
inow turn back to see some of the lower, but still more 
important, portions of its mechanism which ire given to 
,118 in that part of inorganic nature known as the kingdom 
«f crystalline forms. 

First, let us notice that nearly all substances in nature 
have three states of existence : the gaseous, the fluid, and 
the solid. We are familiar with these three shapes of 
water because there is only a little difference of temperar 
tura needed to carry it through all the stages. Over a 
fire, a lump of ice will quickly become fluid, and in a 
short time it will pass into steam, as we are accustomed 
to term its gaseous state. We do not commonly see thiw 
behavior in other substances, because, in iron, for instance, 
the temperature necessary to carry it from the solid, 
through the fluid, to the gaseous state, is perhaps thirty 
or forty times as great as is required to pass water through 
these stages. It is now believed that all simple sub- 
stinces, s'vtch as our metals, and a great many of the more 
complicated substances, made up by the union of several 

! substances, can exist in these three eonditians ; so ,1 
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may accept it as a generaV tT\A\\ \ 
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substances have usually the three possible states of solid, 
fluid, and gas. 

While in the state of gas or fluid, all matter seems to 
remain in a uniform shapeless condition ; but when the sub- 
stance becomes solid, it generally enters into the crystalline 
form. The best way to get an idea of this peculiar condi- 
tion is to examine a number of crystalline substances, as, 
for instance, salt, sugar, alum, quartz, etc. Every day we 
come in contact with a dozen or more out of the thou- 
sands of substances that take this shape. 

If we look closely at crystals of one substance, we see 
that they have the same form, or have shapes that arise 
from slight changes of a particular form. For instance, 
crystals of common salt have one shape, while crystals 
of quartz have a very different shape. The number of 
sides and the slope of these sides to each other give the 
peculiar forms. 

We do not know what causes different substances to 
take these different forms, but we do know that from the 
beginning of the earth each substance has its form, and 
that they are the same for all time. Further than this, 
the meteoric stones that fall from the heavens show us 
that the same rules of form affect the substances in the 
other planets of our solar . system or other solar systems, 
whence it is supposed that these stones come. 

The rules that control the forms of these crystals and 
make them the subject of the science of crystalography 
are very interesting, but the luatter is too diflBcult for dis- 
cussion here. These rules are so precise that this subject 
is really a branch of geometry as well as a part of chem- 
istry and geology. 

We Ji2ust next notice that if we examine the rocks of 
the earth 's surface, we fvnA t\vA.\> ^ ^^\\, ^i ^^x^xsvNi^^^^s^tA 
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the class of stratified deposits, and generally show do signs 
of crystalline minerals except in cracks which have evi- 
dently been filled in by the action of water. Such rocks 
are generally distinctly bedded, and show us that they 
have been little changed since they were formed ou the 
bottoms of old seas or lakes. 

Then there is another class of rocks, called "crystal- 
line," from the fact that crystals abound all through their 
muBses. These rocks we suppose to have been stratified 
rocks that have been so much heated that the particles 
were free to move together as they pleased, and so have 
gathered into the crystalline form. This heat may have 
actually melted the rocks, as was the case with some of 
our gi'anites ; or, the rocks having been made veiy hot, the 
water they held in their interst'ces whs able to dissolve the 
various minerals, and so make ;heni free to take on the 
shape of crystals. When a mass of limestone is deeply 
buried in the earth, it becomes heated because it is 
brought near the hot interior uf the earth, and the water 
that is contained in it dissolves the lime, and so enables 
the crystals of lime carbonate to form. In this way, oiu- 
rocks made of limestone mud may be changed to crys- 
talline marble, its different ingredients being gathered 
together into their several peculiar crystals. 

Wlien these stratified rocks, which were once lime 
atones, mud, sand, and gravel, have their various sub 
stances changed into crystals, the rocks then become very 
different irum what they were before. The alteration is 
often 80 great that we cannot say what the rock waa 
before the change came upon it. 

It is from the action of the crystallizing forces on rocks 
(hat the most puzzling changes are brought about, and the 
L|g^tt|0 of mineralogy cornea to exist,. TVtt Y-ravniv^- 
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osaneA frnm their evidrnt characieni. 
tiHlepm'Imt of any ciystaU tl»T may contain. They are 
made up 't( Tarious sufcetaoces, which will be ilescnbed 
luuler tiieir names and with tbeir ery^talUne forms. 

Wc have already considered these familiar nnerystal- 
line rockfl ; we will now recall them, and give a statement 
of the changes that beat and other metamorphic agents nay 
bring to them. 

ClayH^ne or Clay Slate. Hade of fine mod partickt. 
It may be principally of clay, or partly of lime or quarts. 
It may contain some carbon, as in tlie shales near the 
coalii. Useful for building-stones or flagging, etc.; or, when 
in the aliape "f true slate, for roofing houses, for which its 
thin, leiif-Iike Hhects are well fitted. The peculiar stnio- 
lure (if riMifnig-elatc is called slaty cleavage, because it ie 
foimd only in rocks of this description, never in Umestones 
or the coarse-grainett rocks. This cleavage is produced in 
the following way. The slate rock is made up of small 
bits of many different stones, little fragments of quartz, 
of feldspar, etc. Among these substances there are gener- 
ally very numerous, though very small, flakes of mica, 
Thew) hits ijf mica are always very thin, generally a dozen 
or moro times as wide as they are thick. When the rock 
wuH built in its first form as a soft mud, these flakes fell 
upon (ho bottom in many different positions, so that their 
long facod lie in all sortsof ways. When the rock hardens, 
tlioy weem tii bitid it together, somewhat as the hair hold* 
tlio jiliistttrer's mortal' together. Now, if it hiippens that 
tliu rock tilled with these mica fliikes is very much 
iU}Uoi.</,i-d, as rocka are when they are forced together by 
ituin building forces, it may be forced to 
\i oXlt ill any direction, WVe ioM^ \«yiev the c wfc'^ 
"pill. We uftii cnsWy sea ^^^ 
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tkes will then all lie in about the same direction. 1 
vpa this will he more easily seen if we imagine tlie fla 

mica mingled in dough and then rolled ont. 
ault will be that their longer faces will generallj' 
irallel with the surface of the flattened cake. It 
lay to imagine that when all these flakes are turned 1 
le stretching of the rock, so that their planes are pi 
lei to each other, the rook will split much more e: 
ong the line of their faces than it will across them. 

tliis adjustment of mica planes that causes our common 
lofing slate to split bo easily into thin sheets. 

This slaty cleavage is the simplest of the changes that 
)me over clay stone when it enters into the great labora- 
>Ty beneath the earth's surface by its burial beneath 
;her rocks. If it is deeply buried, if ten or twenty tlion- 
,nd feet of racks are laid down upon it, it may undergo 
jry great changes. Thus deeply buried, it becomes very 
uch heated by the inner heat of the earth. This afforda 
le particles of the rock a chance to become dissolved in 
ater and rearranged in the crystalline form. This gives 
i a mica schist, or other similar rock, in place of the 
r^inal slate. If still further heated, ao that the rook 
lelts, the mass may become a trap-like rock, and loso alii] 
:aee of its original structure and character. 

Limestones and LimestoTie Marbles. When limestones ai 
ubjected to tlie action of heated water, the rock becom) 
lore solid, the fossils are dissolved away, and the wliulo' 
lass takes on a more or less crystalline form. These crys- 
ils are generally of lime carbonate, but sometimes of 
He sulphate or gypsum, or other salts of lime. In this 
langed form, limestone affords the greater part of the 
>li3hed stone used in building and for table-tops, etc. 

(e/fieg. Heat and heated watex "SoxV;. \» t^w 
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•landstoiiea into mm-e compact roclis, termed " quartzites.' 
In these rocks we caii no longer wee tlie Jistiuct grains uf 
Band, but the whole is converted into a rather solid mass 
of flinty matter. The graiua of sand are taken to jiieces 
in tlie heated water and re-made so that the crystals are 
all cl<]se set and locked together. 

In these changes of claystones, limestones, and Baud- 
stones, tlie alteration is so slight that the mass is still die- 
tinctly a bedded I'ock. But the changes may go Blill 
further. The rocks may be so kneaded together by the 
strong movements that take place in the dejiths of the 
earth that the bedding which so distinctly marked the wa- 
ter origin of the matei'ial can no longer be traced. It also 
happens that other chemical substances, besides those origi- 
nally ill the rock, are gradually brought in Ly the perco- 
lating waters, so that the chemical nature, as well an 
shape, of the mass is changed. It is probably in this way 
that a host of rocks, which are termed "gneisses, 
ites," and "syenites," are formed. In some cases we can 
still trace a remnant of the bedding of these greatly 
changed rocks, enough to show that they were originally 
made on aea-floore as stratified deijosits. 

If the heat or the action of heated water still further 
;ifFect the rocks, they may take on either of two othai 
aha]»es. They may be converted into dykes or into veins. 

Dykes are formed when the rock is so heated that 'A 
more or less completely melts. In this melting, it is aideJ 
by the water tliat all rocks contain. In this melted state^ 
it is squeezed into crevices of other rocks, as before 
scribed. Tills trap matter is genei-ally highly ciystalli2ed{ 
and, of course, has lost all trace of its stratification. 

Veins are deposita uS mattei: iiernVj ■A.viwj* ya. the dp 

ized form, where the cai:i:\ag,fc oi 'Ooft ---.™- 
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I has been brought about by the action of water, 
which first disaolves the substances, and then allows them 
to deposit as crystals. lu the several ways above de- 
Ecribed, a great variety of crystals is formed, and from the 
association together of different ciystals a great many rocks 
are made. 

Of these crystals, which altogether amount to several 
hundred species or kinds, tlie following are the most im- 
portant and the nif>st common in rocks. 

1. Quarts^ by far the commonest crystals found on the 
earth. Almost all sand consists of broken crystals of this 
aubstance. Its usual form is that of a six-sided prism, 
with a six-sided pyramid at 
the end. Sometimes there is 
a pyramid at each end. It 
also, hut very rarely, crystal- 
lizes six-sided tables. Ordina- 
rily, these crystals are trans- 
parent and glass-like, but they 
may he colored of many tints, 
as of a violet or amethyst 
color. They are always too ^'W' ^'^- Qu^f'^. oommou forma. 
hard to be scratched by steel. Quartz is very often 
found in the uncrystallized form, as in flint, agate, chal- 
cedony, etc. 

2. Feldspar. This is, next after quartz, the commonest 
crystal in the rocks. It is about as heavy and as hard 
as quartz, — about two and one-half times the weight of 
water. Its crystals split in two directions, breaking easily 
into parallelograms, with smooth, waxy-looking, lustrous 
sides, while quartz crystals do not split in this fashion. 
The crystals vary so much in form that th^jy cannot be 

• tepiesented here. 




3. Mica. This is a verj' common crj-stal. wliich easily 
splits in thio, elastic flakes. Snmetiraes the crystals are 
aa transparent as glass, but more commonly they are 
yellow, wine-colored, green, or smoky in hue. Comraonly, 
^^^Mie crystals are small, as in granites, but -when occurring 
^^^H , . — . in veins they are sometimes a 

^^^B I J\ kl^T^ ^**°'' ^^ nio^e across. Flakes 

^^^V Yi [ I from these large crystals are 

^^H JLI ) Ltl 1 used for stove windows, fur 

^^H ^ — ^^ V \_j/ covering photographs, or fur 

^^B <c^ j> the battle lanterns and win- 

^^H / X. y'^J dnws of our ships, where glass 

^^B \. j fy^ would be broken by thejarof 

^ ^ guns or of the enemies' sliot 

Fiii.ior.. MifB. This substance may easily be 

distinguished from all others by the fact that undecayed 
crystals will always yield elastic flakes when divided with 
the knife. The thin flakes broken from mica crystals we 
very buoyant and float far in the water. They may be 
seen glistening in most sandstones. 

Hornblende. Next after tlie three above named, one of 

^^B the commonest niinerak is 

^^^V i f^l^ £Z2\ hornblende. It is very ■vari" 

^^B XK^ /-r~~„ CTTJ^ ''''^^ '" '^^' '*^ qualitica. "i 

^^B ^^ (\\\ ^^^ "'"y tal^e the shape of oblong 

^^^B prisms, of tufts, of crystals' 

^^B' Uy^ or of hair-like fibres laid cloee 

^^^F ^^^^^^HH^B together. Sometimes these 

^^^^ I^H^^I^^^V fibres are so long and elastic 

^^^^ Fiu. 107. that they may be spun au'' 

' woven like cotton. In tli" 

shape, the mineral is termed "asbestos," which means 

tmiumable. Thia name VaaVeeu ft.w^w4^\^jA, 
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been used in making a cloth which is quite fireproof.! 

ing the ancients, such cloth was sometimes used to | 

) the dead on the funeral pyre, so that the i 

:ie consumed body might not be scattered. 

Ilia mineral is composed of the elements silica, lime, i 

nesia, and iron. 

yroxene is closely akin to hornblende in composition,. I 

the crystals have the form shown in the figure. It a 

!r fibrous, nor does it show the l)rush-Iike crystals I 

mon in the latter mineral. 





f iff. 108. pyroxene. ^£,.100. Calclte. 

'aleite. This is one of the commonest minerals. It is I 

shape taken by ordinary limestone or lime carbonate ] 
in crystallized. The crys- 

have the form shown in 
diagrams. They aro soft, 
easily scratched with ;i 
fe. It may he of several 
srent colors, and is often 
iBparent. It is composed 
W parts uf carbonic acid 

56 of lime. 
dolomite is akin to caleite, 

it differs in having 




' iloiig with carbonate of lime. It is moch less abnndnt 
than calcit«. The forms of the cnrstak are shoira in tlw 
figures. 

An easy test for these minerals is made by dippiog them 
in a powdered shajie into muriatic acid diluted with 
one-half its hulk of cold water. Calcite will cause the 
mixture to foam or effervesce freely at once, while it will 
be necessary to heat the acid and water before the dolo- 
mite will give off its gas, except in a very sparing way. 

Qypnuin is a very common mineral. It is a combinatioa 
of sulphuric acid and lime with water. When bmnt, ilia 
the plaster of pans of the arts, much used in making casts 
of etatues and various fine mouldings. It occurs in two 
forms. In one, it is combined with some water, when it 
crystallizes in the shape shown by Fig. 111. In the oth 
it is without any water in its combiuation, when it takes a 
rectangular shape. 





Fig, 111. Qypaiuu. Fig. 112. Common Salt. 

Common Salt. This is a compound of sodium and chlo- 
rine. Its crystals have the form shown in the figures. It 
often makes beds hundreds of feet in thickness. In tliis 
form, it is generally of a brownish color, and only partly 
" ansparetit; but soinetime^ t\\\a rock salt is as transparent 
J[t is formed wU&TCTexB^^. 'fliaiw.tSB, «as5K 
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basin, where it receives bo little rain water that it evapo- 
rates. It is then thruwn dowu in crystals on the buttom. 
Salt is now depusituig i]i many shallow, land-loekeil pools 
along those portions of the seasliore that have Uttle rain, 
and also in many inland seas that have no outlet, as, for 
instance, in the Salt Lake of Utah, the Dead Sea of Asia, 
etc. There were certain periods in the past history of the 
earth when salt was veiy extensively deposited. They 
were probably the times of least rainfall. 

The foregoing are the commonest crystalline minerals 
of the rocks. There are others, which, though less fre- 
quently found, are still common, and should be recognized 
by the student. Firet among these, we may notice certain 
ores of the important metals. It will be noticed that all 
of them are not found in the form of crystals. 

PyritBy or Pyriten, is composed of sulphur and iron. It 
commonly has a Ught yellow hue, which causes it to he 
often mistaken for gold, whence it receives the popular 
name of "fools' gold." Its 
ciystala are shaped as in Fig. 
113. These crystals, when ex- 
posed to the air, quickly take 
up oxygen, and rust or burn 
sometimes with such rajjidity 
that they give an intense heat. 
As they often occur in large 
quantity in coal, their burning 
frequently fires coal-mines or ^''''- ^'^- ^y^^- 

ships laden with the coal. Hundreds of ships have been 
lost in this way. By allowing these crystals to burn, 
snlphuric acid may be produced. 

Magnetite. This is a crj'stalline ore of iron, occutring 
^^^ffhapes sbowa in the figwre. It \a ot a sff*-!"*^ 
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blaokish color. The peculijirity wliicli distinguislies itftom 
ntLer niiueiiils, is that the crystals strongly attract tbe 
iiiagiietie needle. This mio- 
eral occurs holh in beds and 
ID veins. It is as yet not 
known what causes the mag- 
netic cliiiracter. It may be 
due to the action of heat. A 
lai'ge part of the iron no» 
ill use ia derived from m^- 
uetite. 

Fin. Hi. MiifuutitQ. Hematite, so named from 

its bluod-rcd color, is sometimes found in crystals, but 
mora often in tlie massive form. It generally occurs in 
beds. It staina the hand red, and is hence frequently 
callfd " dye-stone ore." This ore is often fossiliferous, tlie 
fossil shells, etc., having been converted into the iron oxide. 
It is composed of two partis of iron to three of oxygen. 

Limonite is much like the preceding, except that it does 
not occur in cr^'stals, and is of a brownish or yellowish 
color. It may be formed by the combination of water 
with the hematite ore. 

Hematite and limonite are often found together as 
tinctly bedded iron ores. They represent the litl 
changed iron ores that are often found iiiterbedded 
our limestones, sandstones, and slates. 

Siderite, or Iron Carbonate, is a combination of earl 
acid and iron, and is made by the infiltration of iron 
ide into limestone beds, which takes away a part of 
lime, replacing ifc with iron. It rendily decays, so i 
^while it at first is of a bhiish or whitish color, and If 
:e i/mestone, on expoauve Ub ibia *\\ vt wion bi 
\onite, or. in some cases,a \^«vQa\;v\A. \\.\*.'gi 
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massive, stratified form ; but, when crystiiUizod, it takes 
the shajjca bIiowii in tlie figures. 





Fin. 115- aiiiucitc. Fi'j. llli. Mctalllu Copper, 

Ort» of Coj)per. Copper Is often foiintl as a pure 
metal, scattered through various rocks in the form of 
guilts or sheets. Especially is it abundant in this form 
ou the southern shore of Lake Superior, In its metallic 
state, it is sometimes crystalline, as in the forms shown iii 
the figures. More commonly, it oceiirs as ore, of which 
the following is the most important, viz. : — 

Copper Pi/rites, or Chalcopi/rite, composed of sulphur 
and iron, with a variable proportion of copper. It is 
closely related to iron pyrites, 
and differs from it by the 
presence of copper. 

There are many other ores 
of copper formed by its mix- 
ture- with other metals, hut 
the principal production of 
copper is from the two forms 
above given. 

Lead. This substance is Fiy.m. Gftiena. 

iMver found in the metallic state. Its principal ore is 
ma, or lead sulphate. It Imi&.A&_§o\ot ^A^&._^ 
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the crystMli) are fresli. It contains 13 per cent of i 
It »1wuy» iiccure iij vrj&taU tltat hare the fono given in 
the li){iirc. It i» couiiuonly found iu Teius, bat sometimes 
in iKflK, where tliv galena hag been gathered in the sh^of 
uhitciiru veins. Tlic crystals liare ihe shape shown in \he 
figure, 'riiey are easily spHt along the sides of the ciystaJe. 
Lpuil gL-nerally contains more or less silver, and a laige 
(Dtrt of tho silver uf the world is extracted &om galena- 
•Silver occurs in the form 
of various oxides, but some- 
times it is found in the metal- 
lie fonn as threads or sheets 
riitnting through the rock. 
When erystaiiized, itscryBlalB 
have the fdiiii showu in the 
figure. The princi|»al ores of 
silver are formed bj' combina- 
riu- nn. BUvor. lions with sulphur, bromine, 

^orine, but its coitiinoncst form of occurrence is in 
bttiiri! with galena or with uopper ores. 

This metal is, like lead, not natumlly found in 

the metallic state. Its eom- 

mou form of occurrence is in 

tliG shape of sphalerite or 

zinc blende, a combination of 

33 parts of sulphur and fiT 

f zinc. The crystals are of 

Vitrunis colors, from yellow 

to bliick. When powdered, 

they give a white dust. The 

Fit/.m. Bpimlorite. crystalline forms are shown 

in the figures. This inetaX \s ivei\«.eut\Y associated wi^ 

hud 1)1 ordinary veins ov vem\eV& mNjerft-ie,^. 
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Tin. This is one of Uie rarest metals in Americn, being 
the only one of the iniportiint metals that haa never been 
orofitably mined in tliis country. It is generally found in 
:;he shape of thin veiTis in gramto rocks. Its only impor- 
tant form is that of cassiterite or tin oxide, in which shape 




Fi.17.ia). Casaiteritu. Fhj.Vll. Btr(!rtmi>r NiiKKetlinld. 

it is a dark-brownish, very heavy, ore. The crystals are 
found in the shapes shown in tlie figure. These crystals 
do not easily dissolve ; so, when the rock weare away, they 
often are gathered in the river-beds like gold and plati- 
num, and are called " stream tin," The most of the tin of 
commerce has been collected in this way. 

Q-old. This metal is, with the possible exception of 
platinum, the metal that is 
least disposed to combine with 
other Bubstances. It is there- 
fore generally found in the 
metallic state, usually in the 
ibrm of grains, sheets, or 
fibres in the rocks or in the ' 
Bands of rivers. Though the 
most sparingly accumulated 
in masses of all metals, it is 




Fig. 132. Cryatals ol Gold. 



the most generally disaetaina^^ oi ^- TW. ■(as^* 




of our clays and sands contain traces of it. In its crys- 
talline shapes, which it rarely assumes, it has the foniB 
shown in the figure. 

Aluminum. This metal is never found in the metallic 
state, thcmgh it is perhaps the most plentiful of all tlie 
metals that coulil be used ty 
man in his arts. In its ordi- 
nary form, it exists as a com- 
pound of alumina and eilio 
oxide, and is a most important 
element in all our common 
) elaya. Tliis metal is of a sil- 
very-white colur ; it is won- 
derfully light, being scarcely 
FiB.i23. Corindum. heavier than heavy wood, and 

remarkably strong. But for the fact that it is exceedingly 
costly to reduce it to tlie form of a metal, it would he pe^ 
haps, after iron, the most important of all to man. 

Sulphur. This substance plays a large part in the getf 
logical world. It is rarely found in the crystalline fonni 






Fig. 124. Sulphur. 

Fiy. 136. BaiTUk 

except in the neighborhood of volcanoes. The crystall 
have the well-known icainoueAwciking yellow color. The] 
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There are several other less iniportiint crystiils that may 
be mentioned. Among these harytes, or heavy spar, a 
compound 'of sulphuric acid aud baryta, is the heaviest of 
the crystals after those of motallic substances. It has the 
foitn showu iti Fig. 125. Fluorite, or fluor-spar, a coni- 
pouDd of fluorine aud calciuui, is one of the handsom^ of 
our crystals. Its colors range from white to blue qi' yel- 
low. See Fig. 126. Arrogonile, a form of lime carbonate, 
gives crystals shown in Fig. 127. 





Fii/. 133. Fluorite. F / 1 Arrogonite 

When certain of the foregoing crystals are associated 
together in a mass of rock, the rock receives ptrticular 
names, according to the crystalline substAni,es thit enter 
into its composition. , Of these rocks, named from the 
crystals they contain, the following are the most im- 
portant. 

Oranite, composed of intermingled crystals of quartz, 
feldspar, aud mica, irregularly crowded together. The 
proportion of the sevei'al sorts of crystals may vary, as 
well as the forms of the crystals themselves. 

Syenite is a name given to rock composed, like granite, 
'in pai't of quartz and feldspar crystals, but having some 
'form of hornblende crystals in place of mica. 
■Qv£i»a. When the rock has the crj^Wa wo-wia^.'vy 



getlicr in a baiided form, the rock is calleil "a gnds*." 
In some cases, thta banded arrangement is tbe remains of 
Btratifit^tion planes tliat once marked the rock in a dis- 
tinct way as a water-made deposit. If the mica m-Btals 
are present, it ia called a "granitic gneiss"; if the liom- 
bleude crystals are present, it is called a "syenitic 
gneiss." 

Miea Schi«t. When the mica plates are very abimduit, 
and the feldspar leas considerable, the rock becomes very 
easily splitable, and shines all over from the reflection of 
the mica ]>lat«H. It is then called a " mica schist." When 
the Lornblciide is abundant, it is called a "hornblende 
Bchiflt." 

Parpht/ri/. This is a name given to any rock wlien 
there in a cementing mass of feldspar or quartz in wlucli 
distinct crystalM of feldsp;ir, or feldspar and qnartz, are 
lodged. There are very many kinds, and, as most of 
them are liandsonie when polished, they have been muct 
used for decorative atones. 

The following-named rocks are not crystalline. They 
are found in association with the crystalline rocks, and 
deserve the attention of the beginner in geology. 

Steatite, or Soapgtone, a rock largely composetf of mag- 
nesia, generally of a mottled, green iah-white color, tliick 
heddud or entirely niasaivo. It has a curious soapy feel. 
Much nacd in making stovea, fire-backs, and in other 
pliiroa where heat must be endured. 

Serpentine. Also largely composed of magnesia, and' 
much resembling soapstone, except it feels less soapy- 
Like soapstone, it is easily cut with the saw. It is more 
innttlod than soapstone, takes a good polish, is genemlly 
jg/ a teantiful greenish co\oi. smA h&n<ie is much uaed isi 
ft jmrposus. 



Like soapsti 
L innttlod tha: 

^^^^ a benutii 



Quartzite. This is il sandstone that has had its grains 
more closely cemented together than in ordinary sand- 
stones. - Sometimes the grains are bo blended that they 
are no longer visible. In this shape, it is often called 
*' chert," or "flint." Sometimes, by changes which we do 
not understand, the quartzite becomes flexible, so that a 
slender piece can be bent in the hand. It is then called 
Itacnlumite, from a mountain in Brazil, where it was 
first found. It occurs plentifully in North and South 
Carolina. 

There are many hundred forms of crystals, and some 
score of rocks, composed in larger or smaller part of these 
crystals, which are not mentioned here, for t!ie reason 
that they are not of common occurrence on the earth's 
surface.' The most important of these omissions is the 
series of volcanic rocks. These are, it is generally be- 
lieved, the ordinary stratified rocks, that have been com- 
pletely melted and driven up to the surface. Their varia- 
tions are due in part to the original chemical nature of 
the rocks, and in part to the way in which they have 
cooled from their melted state. 

In general, we may say that the cryatallino rocks repre- 
sent those portions of the earth's crust which have been 
the most changed by heat, acting directly or through hot 
water, that penetrates the rocks. When the crystalline 
rocks wear down, their crystals are generally broken to 
pieces, and go to make mudstones, sandstones, or lime- 
stones, to he agaiii gathered into crystals when they are 
deeply buried in the earth's crust, and so exposed to the 
action of heat. 

' !For f urtlii<T informiitiuD concerning crystals, see Profeasnr S. I>. Dana's 
Sy»(em of Mineralogy, 5th eJition, New Tork, 1873; aUo liis Manual af 

IF, New Tork, 1880, from which, in part. 0"»^™AaEKOM3AS&\^j^. 
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Thus we see th.at the rocks, and the minerals found in 
them, revolve in an eternal circle by the action of water. 
They are constantly changing into the condition of mud. 
When they have long been buried in the crust of the 
earth, they become changed to the crystalline structure. 
Their change to this condition is largely the effect of 
water action. As the lands wear down, the rocks once 
again pass into the control of water, and are returned to 
the sea-floor. 
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